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The extreme variability In species ol shrews has confused systematists for 
some time Shrews were conceded to be more variable than most other mamma- 
lian groups and taxonomically extremely difficult to handle. Only relatively 
recently have the sources of this variability been recognized and analyzed. 
Several recent authors have studied growth and sexual patterns in Sorex and 
related genera. These studies establish that the so-called ‘inherent variability”’ 

‘Ws IS actually no greatel than that of many mammalian groups once 
growth and secondary sexual variation are understood. When ample specimens 
for comparison are available, these sources of variation cause little difficulty. 
The small size and the difficulty of obtaining specimens in many areas remain as 
the chief deterrents to full understanding of the systematics of sorex. 

The material presented in this paper was collected in connection with a study 
of differentiation in restricted populations of tidal marsh shrews in the San 
Francisco Bay Region. In order to compare morphological traits of several 
shrew populations statistically, variability due to age, sex and size (as reflected 
by we ight had necessarily to be considered first. Variation arising from these 
factors had to be eliminated or minimized before reliable trait samples could be 
defined and compared. This paper reports the variability of these characteristics 
for the individual species populations and presents data in a manner to facilitate 
comparisons between species. The differentiation pattern in the shrew popula 
tions unde study will be presented in a later papel 

Only specimens from the San Francisco Bay Region are included. The ‘Bay 
Region” is composed of nine counties—Santa Clara, San Mateo, San Francisco, 
Marin sonoma, Napa, Solano, Contra Costa, and Alameda. All specimens from 
these counties for which full data were available (692) have been utilized. A 
number of other specimens for which full data were lacking have been used as 
checks but are not included in the figures presented here. Cranial terminology 
follows Jackson (1928). Taxonomic units included in this paper are Sorex ornatus 

CUS, S. SINUOSUS, S. Vagrans vagrans, S. Vv. paludivagus, and S. v. halicoetes. 
Refinement of some comparisons to infraspecific levels was not considered neces 
Sary Sorex ornatus and S. sinuosus were considered to belong to one species 
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group—». vagrans to another. S. sinwosus and S vagrans halicoetes were taken | fan 
in tidal marshes; S. ornatus, S. v. vagrans and S. v. paludivagus came from eithe: er" 
tidal marsh or upland environments. col 
To 
INDIVIDUAL AGING 
pre 
Vethod of delermining age Relative size and relationships of cranial parts the 
vary greatly during the course of a shrew’s life time. Equivalent age groups me 
must be compared i intrinsic genetic differences between populations are to be tl 
uncovered. For this reason an ability to estimate an individual’s age from spe: al 
men material becomes important. Most authors, who have reported on age i un 
Sorer have been concerned with reproductive history ol a particular species 4 
and not with Interspecific comparisons Figure | presents a@ comparison Ol age 
equivalents in Sorex according to several authors. The purpose and method of 
the age determination vary in each report so that it has not been possible to Ky 
compare them precisely The age equivalents represent my interpretation ol the ul 
authors’ descriptions 
\ttainment of sexual maturity has been used by Brambell (1935), Dehne ea 
1949), Hamilton (1940), and Siivonen (1954), as the critical separation point i1 al 
age determination. Hamilton in addition employs hairiness, scars on the tail and 
tooth wear for his age criteria As pointed out by Hamilton, shrews begin to t\ 
increase sharply in size well before breeding activities begin so that size alone i 
does not indicate breeding activity. Conaway (1952) employed tooth wear alon 
in determining the age of Sorex palustris. By totaling the height measurements 
of several teeth he arrived at a value which resulted in an accurate indication of m 
age. He criticizes Pearson’s method (1945) as ‘“‘subjective’’, a criticism whicl Ol 
must then be applied to the method reported here Actually, I believe that clos } 
<Non-breeding | Breeding ——> 
RUOD - + - 2 + - 3 + - 4 + 
— 
HAMILTON IMMATURE SUBADULT ADULT ' 
PRUITT 2 3 4 
JACKSON | IMMATURE] — ADULT OLD ADULT 5 
ADULT 
re uv 
— ie YOUNG ADULT OLD ADULT : 
z4 _| 
BRAMBELL ( 
CONAWAY YOUNG ADULT t 
SIIVONEN 
rT2T3ST47TSTETTIT SI aT olu laws 47 is] 6 a 
MONTHS OF LIFE | m 
COMPARISON OF AGE TERMINOLOGY OF SEVERAL AUTHORS 
Fig. | Age terminology of several authors. The terminology is that used by the | 
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the duration of age class is in most instances my estimation from the authors’ des 
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an ty with tooth structure allows a more rapid age estimation, with equal 
ecu than that obtainable by measurement. Conaway makes the important 
Ol mn that tooth wear is relatively constant throughout an animal’s life 
loot! ear, then, remains as the best single criterion of age determination in 
pres | specimens. Pearson (1945) described seven categories of tooth wear in 
the short-tailed shrew, Blarina brevicauda, covering a life-span of thirty-three 
nonths. His accuracy in aging Blarina was enhanced by observations in cap 
| by recovery of marked animals. Pearson’s method of determining age 
directly applied to Sorex, but my method parallels it closely. Marking 
ng sore lol subsequent recapture was not considered feasible. Some 
on on behavior and longevity was gained from the maintenance ot 
pt nimals (Rudd, 1953 
Che following method of estimating age is based entirely on cranial changes. 
| te features such as Irequency Ol gray hairs ll pelage, hairiness ol tail. 
scars on tall and leneth ot pelage are variably expressed and cannot he 
ved alone with sufficient precision. In this diagnosis four major age groups, 
unting to an esti ated tour mol th pel od are ret ognized These groups 
fied by number. Individuals whose tooth wear fell into a particular 
Ll Category but vere estimated to be eithe vounger ol older than the 
iple were designated with minus ora plus Hence, three divisions of 
veeks each are rec onized fol each majol age group | recognize this 
sification simply to be one of convenience. Establishing arbitrary boundaries 
g me and wear eradient can ben isleading Nonetheless, I believe the 
method te be sufficiently dependable to establish a reliability of plus or minus 
th 
Ul ges apparent 1n the detailed qa1lagnosi are summarized here for con 
a Wea ranges Irom totally nworn ery young to worn prac 
gum line in very old 
ii breakag Breakage maloc USIOI Ane oss of teeth are more frequent 
and very old (4) adults 
) atior Roofing bones u young are transparent become translucent, 
the paque Mastoids become more massive. Sagittal suture. at first unfused, 
oll d, in many individuals, forms a relatively high sagittal crest. Lambdoidal 
suture exhibits the pattern of the sagittal suture but precedes it in ossification 
Premaxilla In the very young the premaxilla lies parallel to the long axis 
ntl skull. With age it decurves sharply An index to this curvature is the acute 
ingle vhich a line across the alveolus of the anterior incisor makes with the 
mgitudinal axis of the skul This angle ranges from almost 90° in very young 


» about 30° in the oldest individuals. Strangely, the rate of decurving seems 
elerated in old (3-4 and very old (4) animals The angle o1 slope of the 


interior face of the premaxilla ranges trom 40° to 65 


Flattening of skull The flattened appearance of older shrew skulls is due 
primarily to deflation (reduction of arc) of roofing bones. Development of crests 
and lateral growth of the mastoids accentuate this effect. Measurements will not 
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describe flattening because 
cranium 


Vi 
crest development compensates for deflation of 
Sea No sex differences other than size have been observed in skull co 

formation 
Diagno S Of} age cate goru | 0-H weeks No wear on teeth: suture not 
closed along full length of midline; not closed dorsal three-quarters « iml 
doidal suture: bone almost transparent anterior incisors projecting ost 
directly forward; alveolar margin of anterio1 upper incisor almost verti 
| (6-12 weeks: Fig. 2A Essentially 
blunted; posterior face 


as for | but 
of unicuspids scored 
erably 


slight Vy worn this varies 


onsid 
but vorn to tip; sutures usually joined although weakly s 


not 


tip ol metacone 
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desig ‘ on figure A folle Jacks 1928). H co M me ) 
paraco P protocone; M first upper me , hird uppe ! 
lr ng prepared by G. Vietor Morejohi 











RUDD—SHREW COMPARISONS 297 
st; usually lambdoidal is thinly connected); bone denser, more opaque; 
margin about 80° to longitud nal axis of skul slop ot anterior tace ol 


i about 1() 


18 weeks Wea on posterior taces of wu cuspids reaching tips 


15-24 weeks Wear beginning to show on molars styles o1 VE? “‘smooth 


ps dulled on most cusps: cutting edge of Pn metastyle to parastyle 
evel of non-pigmented portion of tooth; protocone and hypocone pol 
hone dens milky. opaque suture solidly olned: basal one-third lamb 
uture beginning to form ridge cisors more sharply decurved, angle 
irgin to horizo ibout 7 
30 weeks: Fig. 2B Termina igment of metacone of Pn divided 
vea isibie along length; u isplds usually orn across Tull posteriol 
ircing Ove tips protocone ol molars Vo! Sf idenced most 
trea of pigment basal hall lambdoidal suture rndged; panetals un 
pac ‘ ote n sup! 8) e210 eat a) eo margin 
70 slope ) tenor t e ( pre 15-50 
0-326 weeks Essenti is tvpe 2: band ( appearing ol utting 


OnE Te OU pi If ( re ae 
O42 wer U1 spid ‘ race; tip be worn entirely 
erio l uspidas su S ( ( gu face so: M ind M 
; ’ ’ ‘ I I { ry e¢ StVi¢ na ye S 
It); pig mn mesostyles of M! and M? gone or nearly so; lamb 
est we formed Dasal two-third angie ol eolar margin 60°—-65 
LS CCKS lig ( usDIGS sho ear on both anterior and pos 
arcing over tips ho pigie ted portion Ol molars strongly ho 
effectively sharpening pigmented styles?) ; protocones of M? and M 
th or nearly so; pigment sually reduced in area or absent: whol 
usal faces Is OF smoot uunded surfaces; lambdoidal crest heavy 
ee-quarters; sagittal crest’ beginning development angie ot alveolar 
cisor about 59°—-65 slope of anterior face of premaxilla 50°—55 
tS—54 weeks Kssentia Vy as type vith greater wear on occlusal taces 
VI vorn almost flat usuaLLV Ss ight amount of pigment o1 mesostvle 
ypocone of Pm’ hollowed out like shallow buttonhool ambdoidal crest 
h to midline weaker dorsal one-quarte! sagittal crest formed along 
of juncture; angie of incisor alveolar margin 50°—60 slope of anterio1 
remaxilla 55°—60 
54—H0 weeks some unicuspld mav have yvorn so that occlusal surtace 
mtacts worn surface of next tooth; pigment gone on M?, barely present 


olaritorm teeth; occlusal surface on M?* not only flattened but some 


owed; crests well formed; basal one-half lambdoidal crests particu 
OH weeks Fig 2D) \ unicusplds fiat on occlusal surtace: often uni 
issing (3 missing in Fig. 2D a molars present flattened occlusa 
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surface with low hillocks representing origina! CUSDS; small amount of pig! 


os 
may remain 1n positions ol protocone, metacone and paracone ol M! and M 


MI? mav be hollowed shell: mesostvle of M? still connecting with parast yl of M 
lambdoidal crest heavy to midline: sagittal crest well developed but ( ‘ 
than lambdoidal: bone in thin areas opaque, mncirsors directed almost sti v 
down; angle of incisor alveolar margin to horizontal axis about 30°—40 g 





siope ot anterior tace ol premaxilla 60°—-65 
t+ (66-72 weeks \n exaggeration of tvpe 4; no hillocks remaining 
usal Taces of molars slight amount of pigment may remain along ne 


mesostvle of M* mav be so worn that M® is ompletely separated iro \I 


incisors she ike because of wear on posterior occlusal surfaces; ere 
density of bone at maximum; teeth often broken or missing; angle o 
ilveolar margin seemingly about the same as type 4 

Duration o ( There is little evidence that the normal lifespa ( sé 
exceeds sixteen months. Hamilton (1940) indicates that some an 
reach seventeen months. A specimen described by Montagu (1922) | 
treme! ( yo! teetl ada grizzied co enamng ¢ dence to his co 
of a long life span. I have seen two individuals, both of which were capt 
sevel onths and wl showed the same characteris s Montag 

{ t ere probab seventer to eligntee mo hs old. Attaimme 

Ti ot the rule. Indeed, most ai s die before reaching twelve 
of age. It has seemed reasonable for pr: purposes onsider sixtee I 


the maximum life span. With this assumption, I have compared the ag 


tern ology otf several authors Fig. | Othe nsectivores live tor g 
engths of time but So regardless of its geographic origin, seems to exh 
. ‘ ving patte No arar \ ) \ dS. pa , 
sf the v patte I TOUT ne nr Sry ( ot shnre = «cle 
ere 
SkX \ ( COMPOSITIONS OF TI SPE S POPUI PION 
‘ ompo ( | a idu ive est 0 I eC Dee plotted f ] 
( a s ( orae i itste 0 DATISO ( eprodl ( ad po 
0 ti | vure stl ( the ol OS ) the a a PTOUD ! 
ides 44 dividu ol So agra agra S paludiwag “ 
Ha ) ( harted | pure } re 248 a au ) Ss. orna ca ( 
‘ Che endar scale beg I I onth o farch during 
he rss young appe ind continues through the oO ng Februat 
some preca ) ! ) ents regara y age es .) ind sexing 
sal this po Shrews are notoriously difficu osex externally. Oi pz 
idults ¢ be easily sexed by superficial exai ( Individuals g 
gor ind 2 are best sexed by dissectiol By seve months of age males 
easly sexed extel i Dut sexing Of Temalies is sure only i internal ais N 
This practice has not been observed by many collectors of shrews. Fo 
ve over 500 ol the specimens reported ol ners vere collected wit! 


vears DV workers especially caretul to record sex correctly 
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! O orrect tor category | This method of aging relates age 
e ot bpirtl nd not to the appearance ot voung i trapilines Shrews are 
eaned a 16 to 20) davs ra though apt ( timais have hee} weaned 
Weaned animals appear to remain in or neal the nest with othe 
( hers tor another week or two \ccordingly, there IS ONLY a slight chanes 
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Males occur in traplines in slightly higher frequ than fe 
sample of the vagrans series 242 (54.6% of total) are males and 20] 
120.4 males: 100 females). The percentage close approximates that 
S. araneus by Brambe L935 who had we ( el thousand trapped 
in his sample. I found that males were not markedly more frequent 
take samples Brambe found the percentage Tol \pril and Vay 
67 and 62 respectively. He attributes the disparity in sex ratio du 


months to differential selection of sexes by the traps and notes that 


characterized by 
i! March in this 


sample, approximates | 


precist 


51.6 


lemat 





‘ly 1: 
rhere 
described an overall male percentage of about Olin S.a 
‘s). The 1 


ACTIVITY ol 


area an 


1. The 


are 128 mal 


atio ol 


sexually matt 


‘1. m@ 


total ornatus-sinuosus series exhibits 


males 


the first estrus in the female 


| for 
the o7 


ss and 120 


ur 


this month the sex ratio in S ag) 


NALUS-STNUOSUS 


females 


was highe 


The f 
ai 


the I 


SeTIeS 


this sample 


aneus 156 


old animals 


among 


males was suggested to explain this ra 
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ich I have studied, the overall sex ratio is lower and the sex ratio in 


s the reverse of that which Middleton describes. Figure 5 (upper) 


ically the relation of sex to age. Only material from the vagrans 





ded. Data are groupe d into three-month periods in order to enhance 


Monthly frequencies in both species groups vary considerably. How 


: » : . , 
ariation derives from sampling technique is impossible to say. In 








il, however, there seems only to be a slight overall preponderance of males 
hen studied more cl proves to be confined to immature animals 
month is March bers during this month are about equal and 
us patterns are reversed following March. This description seems to apply 
th species groups 
aso? Almost a pregnant I males appear in March through 
ilthough pregnancies have been re led from the last week in February to 
I ek in October. A few adult females may rear second litters but I have 
evidence to indicate this. It is probable that females born late in the prior 
reed until late the following spring or summer. The appearance of 
9 summer or early fall is probably accounted for by these fall-born 
1 by a few young of the year, presumably born two to five months 
y, which appear on the charts as pregnant in August and September. 
there are several more pregnant females of age category 1 and 2 in the 
eries than in th ira es. This n ay amount to a species 
Perhaps correlated with thi the apparent late breeding period of 
grout The data yr sp o-TAKe pregnant animals in the ornatus 
unfortunately, meager. Employing incidence of age-group 1 shrews as 
é n see that these re most mmon 1 ite summer in the ornatus 
thev appear more freau y in late spring and early summer months 
series. Biological reasons for such a difference can only be guessed 
\ logical difference m Ly be the basis of it, for many of the ornatus charted 
mm upland environments subject to greater seasonal changes than the 
S fresh- and salt-water marshes characteristically preferred by 
Although small differences exist, both species series seem to have essentially 
| aging pattern. To be sure, the somewhat later breeding period of ornatus 
eflected noticeably on a calendar scale. However, the rate at which aging 
place and the composition of age classes seems to be essentially the same 
{ge class frequency.—With the exception of the slightly delayed breeding 
season in the ornatus series there are apparently no significant differences in age 
1 sex composition of the two species groups. With the material available it was 
sidered justifiable to combine sexes and lesser age categories in order to arrive 
age class frequencies in the population at large. Combined data from Figures 3 
d 4 are presented in Figure 5 (lower) as frequency graphs. Frequencies are 
wed on 69] specimens, W ith full data, collected within the geographic scope of 
his problem. Major age categories are indicated on the left and frequencies on 


the right. T 


he calendar scale begins with March, as in Figures 3 and 4, but is 


extended over a twenty-five month period. Monthly frequencies in the last 
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thirteen months on the scale are duplications of those appearing in the first twelve 
months. This method of presentation allows observed age composition of the 
population to be expressed well beyond the probable maximum life span of 
individual shrews. 

Frequencies of age groups in the population are based on trapped individuals. 
As indicated above, shrews younger than five or six weeks of age seldom appear 
in traplines. It would be reasonable to bring the age group 1 value to at least 
20 per cent of the total. Such a figure would apply to March when the first young 
appear and be added to in April and May as the March-born young mature and 
as new young appear. If one accepts certain assumptions, it is possible to make 
rough calculations to arrive at a correction factor appropriate at least for March 
Assume the sex ratio in the adults in March as 1:1 (this is approximately th 
observed ratio). The same ratio must also be assumed for newly-born young 
In the vagrans series about one-third of the adult females are pregnant or lactating 
in March. With a gestation period of about 21 days most pregnant animals may 
be expected to give birth during that month. We have scarcely any information 


on early success in nest-building and parturition but we do know that litte 


S. vagrans found in the field usually consist of four to six young. By assuming 
the production of four young from each pregnant or lactating female, we car 
calculate that 40 per cent of the entire population must be young animals. The 
pregnancy incidence is higher in April and this month’s production would be 


» group | covers four months, 


added to the March 40 per cent figure. Since age 
the production of May and June must be added in like manner. Juvenile mor- 


tality has not been considered in these figures and it probably is high. Halving 


the calculated percentage value yields a more reasonable figure of 20 per cent for 
March. Values for April, May and June would be correspondingly highe: 
Figure 5 (lower) is based only on specimen populations and does not include 
corrections 10! probable population composition 1n the wild 

Some months are represented by relatively few specimens and account fo! 
irregularities in the frequency distribution. January frequencies, for example 
are based on only 17 specimens with full data, neither age groups 1 nor 4 being 
represented in this sample. A larger sample should indicate a slight frequency ol 
each of these age classes. September frequencies, based on 36 specimens, show 
seemingly high number of ‘‘adult’’ and “old adult’’ shrews in the population 
These September frequencies may be affected by a slight incidence of late summe! 
breeding in young of the year. Other monthly frequencies appear to be accurate 
For example, the lack of age-group 1 in the February sample is probably ac- 
curate, since this sample comprises 65 individuals. In another instance, only 
one individual of age-group 3 was observed in the December sample comprising 
115 individuals. This frequency is undoubtedly close to the actual occurrence 
(of this age group) in the population 

Frequencies graphed here provide convincing evidence of population turnovel! 
which is essentially complete within twelve months following the breeding 
season. Slightly over 80 per cent of July-taken shrews are young of the yea! 


while most of the remainder are animals estimated to be fourteen to sixteen 
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months old. This latter group would represent animals born in late spring of the 
prior year. Only rarely does an individual born during the spring of one year 
survive until the fall of the next. September seems to be the critical month fo 


these animals. July records the highest frequency of age-g 


month of the year is the incidence of “‘old ad 


Frequencies of this class throughout the year vary thi 


, 
If numbers of shrews in the sample were « list 
l 
t] onths of the vear and if the actual fre of a 
, . -_ 
tion wert WI ould be possible to « te s 

, : 
us ss. Such ca itio ser futile } r 

4 ] 
present d Nonetheless. the data presented here. supp 
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sh¢ vn for ti 
ippe ri! 
nti it1loO 
Lvl 
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in this paper are derived from specimens taken by 8S. B. Benson, O. P 


or mysell and are considered accurate Nor etheless, these weight dat 


most weight information on field-collected small mamma 


ls, must be tak 


Pea 


el 


certain reservations. Variations due to sex and age are to be expected and 


up well on the figures. Males of all species tend to be hea\ 
the early part of the breeding season but n ay not be | 


Individuals increase in weight with advancing age but t 


seen easily 1n those older than two or three months, until 


pegin Variation because of starvation or dehydration 


have no evidence of its extent. Shrews collected by kill-t1 


shortly aiter coliectior probably represent actual weigi 


Le 


leavier at othe 


ier than females du 


his increase caniit 


probably exist 


ap methods and w 


its. Those colle 
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some weight due to star ation and dehydrat mn. Variation from these last-named 


auses may be sufficiently extreme to mask real differences in weight due to age 
oe or species 
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onths of the year. Lacking such data, strong reliance should not be placed 
omparisons presented here. Nonetheless, some observations can be made on 


charted data. Animals of all species taken in February, March and April are 


9 Although the range within a given sex may be great, sexual differences 
¢ these months are pronounced. This pattern accords with those described 
S. arar f. Brambell, 1935; Dehnel, 1949) and S. fumeus (cf. Hamilton, 


140). December and January-taken males are slightly larger than females taken 


g these months. Sex differences, with one exception for the remaining 
ths, are not easily discernible. The exception concerns post reprodui tive 
Numbers of these are few, but apparently males decline in weight after 
ling, whereas female ontinue to grow well after the peak of breeding 
Speci lifferenc: eight are weakly indicated. In S. ornatus no female 
is 5.8 grams although males may reach 7.7 grams. No male ornatus weighing 
tha | grams or female weighing less than 2.8 grams was observed. Maxi 
ght of S 10 males was 6.8 grams, of females 6.7 grams. Minimum 
9 nuo vere males, 3.4 grams, and female 3.3 grams. Maximum 
0 ales oI & wrar vas 8.4 gral of female 7.7 grams; minima 
..2 crams fe ules and 2.7 for fe Nore halicoetes, in general larger 
narent species vagra how eSSt eight range. Maximum weight 
r 3 7.2 cra or tel ( 7A u nima were | and 2.7 respec 
M um weight f all forn vere achieved by adult shrews (individuals 
the pri eg } it} one exceptiol were a recorded ror young of 
ir. Extreme weights. then, do represent differences in age, but interme 
liate weights cannot be relied upon to separate breeding animals from young of 
ve 


Of questionable importance is the observation that several S. v. vagrans- young 


the vear are sufficiently hea y tola nto the breeding adult weight category, 
vhereas none of the ornatus-sinuos ndividuals do. This condition may result 
ymplete data rather than from a real difference in crowth rates between 

re es groups 
would be tempting to place the larger animals 1 the ‘“‘more favorable’ 


ments. Salt marsh shrews are generally larger than then upland countel 

ts and upland animals from verdant regions seen ingh are larger than those 
rom arid portions of the species’ range. In general, a relationship between size of 
iduals (and, for that matter, numerical size of populations and stable, lush 


ironments does exist. but there are exceptions to this rule 


SUMMAR 


technique for determining the age of individual shrews is presented. Amount 
f tooth wear is the basic criterion for judgment, although several other cranial 
haracteristics have also been employed. Four major age classes are recognized 
ach of which covers about four months of life. This aging technique permits the 
analysis of certain population characteristics. Population data are plotted for 
hree species of San Francisco Bay Region shrews (Sorex ornatus, S. sinuosus, and 


‘e) wran 
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In March, the sex ratio in all three species approximates 1:1. Adult females I 
apparently live somewhat longer than adult males. Among adults, females dom- 





inate in late spring and summer samples. Young males begin to predominate 

over young females in fall samples and from December to February this domina- 

tion becomes marked. 
Breeding apparently begins later in the spring in the ornatus-sinuosus group 


than in the vagrans group. Breeding in the year of birth occurs more often 
ornate shrews than in vagrant shrews but in neither does it occur commonly 
All species of Sorex seem to be annual animals dying shortly after the breedin 
season. Few animals live longer than one year. By midsummer, young of the ye 
have aimost replaced the adult breeding population 
Only during the breeding season are sexual differences in weight marked 


Males are noticeably heavier during the early part of the breeding season but 


apparently gain little weight later in the spring. Females continue to gain weight 
slowly until death. Young increase in weight at a phenomenal rate for the first 
few weeks, but after about eight weeks, change little until the ons¢e t the 
breeding season. Weight increases at this time are accomplished rapidly. Young 
males become heavier three to four week petor the female 3. paralleling the 
pattern of onset of sexual activity. Ecological differences may explain i rt 
some differences in weights of restricted populatior Marsh shrew ' ess 
subject to fluctuatio in covel and I od supply thar upland shre\ 
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OBSERVATIONS ON 
IN 


THE BIOLOGY OF SOREX TROWBRIDGE! 
THE SIERRA NEVADA, CALIFORNIA 





By E. W. Jameson. Jr 

Recent years have seen the publication of life history studies for several kinds 
soricid shrews und we no i ( ome idea concerning some f the salient 
ogical features of these animals. Ther n abundance of species of shrews 
e] speci ns ( ) , a i l easo abl l Iptlol 
the n ure di rerel \ l ha some geog! I ly 
( | specie di ' ( f ( I ) ho 
cally, such differences refle g responses riations in their environments 
{ hist ‘ udie } 0 ( ( e m extens nd 
ed I ™ l eT eal i 8) ) 1 nie imMonge the 
l é I rr he ¢ ronme Ly the 

; ( I na 
ne 1 he re } r } ) spt ¢ si ir¢ { ( ll 
~ Ne ls or ( ! ePSne y¢ ] e4 ra the 
' ain / ? } ( speci i sore S i by 
( ( igato [t is hope I serve tod ri ny 
0 racterist ol 0 liffers ner part ts 

ran range 

Habita lt row lds I ) he ood as oO 
Sierra Nevada up to el 100 feet in Plumas Co y and at least 
6000 Tuolun Cou » tl ut} Chis forest I omprise large 
ero trees (Pinus lan an P onderosa. P dotsuga menziesii. Abies 
rl ind / iboce ! us de e7 I CC Sp l ood) p hts res lle) 
quo tree (Juere kellogg ( 1 ce acrophyllun shrubs (uercus 
cinifolia, Alnu ibra, Ceanoll Cornus spp., and Ribes spp.). The 
tte Is composed O tl de ng debris from these plants and provides 
e home and hunting eTrou d or tre bridae Lr re whe re the forest has been 
ved, either by logging or fire, the land is revegetated by brush or small 
niferous trees; in these areas shrews persist in lesser abundance. S. trowbridget 
ot typical of wet meadows in the § Nevada; this environment is inhabited 
» agran - the watel shrew (S pal sirzs) 1s confined to the borders of streams 
small bodies of water, and in these situations trowb dae and palustris occul 
le DY side From the accounts in the literature, one can assume that the habitat 
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of trowbridgei does not vary greatly throughout its range. Elsewhere in Cali- 


fornia (e.g., along the coast), this shrew is associated with a very different flora; 


but this environment is a mature forest type with an abundant ground litter for 
foraging shrews, and thus resembles the habitat of trowh vag in the mountains 
F'ood.—Stomachs of eighty trowbridgei, collected at all seasons, indicated that 


if resembles some ther sper ies ol Sorea nm subsist is nostlyv on smal] arthropods 


seventy three stomachs contained food. most of \ hich Was sclerotized insect 


material, Tinely masticated 


One can imagine that these tiny predators grasp at any small arthropod on the 


forest floor, for theré S$ a great variety ol! insects spiders and centipedes 1! 
their diet Neuroptera, Coleoptera, Dipte Lepidoptera Heteroptera and 
Hy lenopte wert recognized Spiders and centipedes were found only 


shrews taken during December. Annelid worms also were taken in the autum1 
and winter months but such food is doubtless difficult to obtain in the d 


summer months. Planarians were found in stomachs of two shrews. Moore (1942 


emphasized that frowh 1dg may consume seeds of Douglas nt Pseudotsuq 


menz1es taxifolia Fourteen stomachs of this shrev trapped by Moore i 
coastal Oregon contained more than 60 per cent pliant food. Unidentified seeds 
were found in stomachs of four winter-trapped shrews from Plumas County 
Volt.—The two pelages of the Trowbridge shrew are markedly different 
although there is some variatio1 the summer pelage Is a dark shade of brow! 
and the winter coat is gray. These are described in detail by Jackson (1928) who 
noted that the spring molt may begin as early as April, but more commonly 
occurs in late May or June; his earliest molting specimens were taken along the 
coastal regions of British Columbia, Washington, and Oregon, whereas those 
showing late molt were taken in the Sierra Nevada of California. In the norther 
Sierra Nevada (Plumas County the spring molt (ol the adults, from gray to 
brown) may take place at any time in June, July, or August. Only five molting 
adults were taken, one in June, three in August, and one in September; two of 
these specimens actually represented the fall molt, for they were acquiring the 
gray pelage; a few very old shrews live long enough to grow a second winter coat 


The fall molt may occul between August and November, but most of the molting 


specimens were taken in October; a few molting shrews were trapped in Septen 
ber and one each in August and November. In this molt the young of the yea 
acquire the gray coat which replaces the brown pelage. The heavier winter coat 
probably serves to protect the wearer from cold temperatures, So it is not sul 
prising that shrews keep this pelage from September until June in the highe1 
mountains 


Ag classes | order to discuss population structure, one must establist 


certain age classes. For this account a shrew is considered to be either young o! 
adult, although it is possible to separate several different groups according to : 
variety of morphological criteria. Generally, the students of shrews have some 
what different interests and use different criteria and age groups. Valid criteri: 


for distinguishing relative ages of shrews may differ from one species to the next 


} 


even within the genus Sorex; and some characters seen readily in freshly trapped 
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shrews; time 


enerations ol trowbridgez ; at 


and the two groups are 


commonly trapped. In general, 


as those applied by Hamilton 
be used as easily, if at all, for 
shrews there is con- 


ere is a great difference i 


ring the spring and summer 
eature alone. The difference in 
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criterion. Virtually all adults 
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7 ABLE ] Seasonal occurrence of adult and young Sorez t owhr tdaei by percentar 
collected in the Sierra Nevada, California 
J I M A M J J \ ci Oct N I 
Adults 24 32 39 27 i8 9 8 4 3 0 0 165 
Young 0 0 Q l 19 25 15 35 27 28 35 38 223 
Per cent | 
adults 100 100 100 96 +9 38 35 Ss 13 10 0 0 


fumeus gradually lose the pencil of hairs at the tip of the tail; the same obtains 
for trowbridgei with the exception that very old shrews may have a new pe! 

of hairs after their second molt. In addition, weight is usually sufficiently great 
in the adults so that it alone serves ery use 


young shrews from the adults (Fig. 1 Che weight of breeding adults far excee 


that of the young; but after July the few adults found are likely to be in a n 
breeding condition, and they will be little, if any, heavier than the young. A 
time, differences in tooth wear are pronounced, and the old shrews exhibit ad 
characteristics in their pelage and reproductive tracts, rendering age 
tion rathe simple 

Che Trowbridge shrew is a short-lived creature and the annual poy 
turnover } completed by late summer. Probabl eighteen months is el 
maximul ite span in the Sierr: Ne ada: the mea lie span must be 
They live sufficiently long to bring forth a new generation, and after Ma 
proportion of adults to immatures drops rapidly (Table 1). In this stud 
adults wel iught in the summer, but less than 1 » per cent of the 695 

ta ( Lugu hese aged re ( leeaing dil 

the teeth are wor irtually to the cingulu ressed a pe y 
adults in the | opula 10 Table 1), this figure i easure of both the 
of adults and increase of young. Some work« ha suggested that 
pearance of adults is an illusion caused by the ‘‘dilutio f the populatior [ 
young animals, but it is quite apparent that in trowbridgei ther 1. VE re 
sudden decrease of aduits in late spring and early summer (Fig. | 

Thi hort life spar is typical tor several kind of soricid shre s that | 
studied by various workers. Differences in this pattern which may be ch: 
istic for the several species of shrews will probably be found in the rapidit 
which adults disappear. Unfortunately, published data are not expressed 
Table 1 and a closer comparison between trowbridget and other speci 
mad 

Reproductio L.—oorex trowbridger recalls othe species Ol long-talied shre 


" " 


the general pattern of its reproductive behavior, but there are several featur 
in which it appears to be distinct. The information in this account is based upot! 
eross examination of carcasses: there are no data on the histologica changes oi 
the reproductive structures, hence this summary, especially with regard to the 
females, is far from complete. This series of 388 shrews is a small sample but 


sufficient to show that trowbridgez is, reproductively, generally similar to som« 


other species of Sorex, but from this series one cannot delimit in detail the specifi 
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Nevertheless, an attempt has been made to discuss the breeding 
the frequenev of embrvos ind some othe! aspect of the reproduction of 
x€S 1avure rapidly in February when there is a coincident increase in 
nd sudden development of the reproductive structures (Figs. 1-3). This 
vhen the snow is deep and freezing temperatures prevail. The data for 
ree year period are pooled by months. Some variations are clearly apparent 
i worker, but the sample is too meagre to be convincing. For example, 


» # 


red that reproduction began at least one month earlier in 1951 than in 


that shrews living in the south-fa 


ng brushfields commenced breeding 


ne month ahead of those living in the dark coniferous forest 200 yards 


Breeding activity decreases in the latter half of May, and most adults 
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3.—Monthly changes in width of uterine horn (measured at the basal third) of 
rowbridgei in the Sierra Nevada, California 
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taken later are in a post-breeding condition. One adult male in August was 
apparently fecund. The earliest date on which embryos were observed was 
February 25, 1951, but all other pregnancies were found in April or May. Repro- 
duction ends in June for most individuals, but one late breeder was taken on 
August 8, 1951; this individual was lactating and weighed 6.5 grams, and it was 
captured in the same trapline as the previously mentioned male of that date. 
There are several discrete changes in the reproductive structures at the begin 


I 


" 


ning of the breeding season. There is a pronounced increase in the weight of both 
sexes: non-breeding adults weigh between 4.0 and 5.5 grams, males then being 
slightly heavier at this time. In breeding condition most shrews weigh between 
6.0 and 7.5 grams, and gravid females may be considerably heavier. The testes of 
immature males, collected in the autumn, are from 1.0 to 3.0 mm. in length, but 
in breeding males they measure from 4.7 to 6.0 mm. or more (Fig. 2). The pros- 
tate glands develop more rapidly than the testes and exhibit a greater disparity 
in size between the breeding and non-breeding condition. During June the 
reproductive structures shrink and become non-functional; such males weigh 
little more than young of the year, but are easily recognized by their olive- 
colored, flaccid testes and greatly worn teeth. 

Female trowbridgei appear to attain sexual maturity about two weeks afte: 
the males. This relatively slight difference is difficult to discern because female 
shrews exhibit few signs of fecundity that are apparent to'the field naturalist 
Non-breeding females are characterized by rather slender, whitish uterine horns 
that are from 0.6 to 1.2 mm. wide each. By the first half of March this structure 
had grown to a width of from 1.7 to 1.9 mm., and in the latter half of that month 
it ranged from 2.1 to 3.8 mm. wide (Fig. 3). It appears that an individual is 
fecund if the uterine horns are 2.0 mm. or more in width, because in such in 
stances the accompanying ovaries contain fresh corpora lutea. Probably these 
enlarged uteri actually represent early stages of pregnancy, for Brambell (1935 
found a continued uterine growth following estrus and prior to implantation ir 
Sorex araneus. 

The breeding season of trowbridgei appears to begin earlier and to terminate 
sooner than that of some other kinds of Sorex. Hamilton (op. cit.) showed that 
S. fumeus breeds from April through the spring and summer until August; and 
cited two instances of breeding in October. Brambell (1935) observed that breed- 
ing extends from May to October in S. araneus of the Old World. Similarly) 
Moore (1949), in a summary of breeding records for S. cinereus, indicated 
breeding season beginning in April and ending in October. Apparently the wate! 
shrew, S. palustris resembles trowbridgei in the early onset of breeding; Conaway 
(1952) found, by histological examination, that some males had testes with 
sperm as early as late January, and that breeding may continue until July (fe 
males) and August (males), but his sample was small. According to Dalquest 
(1938) a rather long breeding season, extending from late January until Novem- 
ber, obtains for S. vagrans in Washington. Only eight gravid females of trow- 
bridget were taken; it appears that these animals are rather secretive during 
pregnancy. The mean number of embryos per female was five; extremes were 


three and six. One female examined had recently given birth to one young 
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Post-partum pregnancies are probably rather frequent in this shrew, but they 
e difficult to recognize by gross examination. Of the eight visibly pregnant 
females, four were also lactating; and numerous other lactating shrews had 
ine horns from 2.0 to 3.0 mm. in width, suggesting that they contained very 


uter 


young embryos. This phenomenon has been observed in other soricid shrews by 
several workers (Brambell, 1935; Conaway, 1952; Hamilton, 1940); and it 
curs in a variety of small rodents and insectivores (Hamilton, 1949). There can 
be little doubt that some kinds of small mammals commonly produce two or 


ore litters without interruption. In trowbridgei two or three litters produced 
ssively might compensate for the rather short breeding season and general 


ol reproducti e@ activity during the summe! 


SUMMARY 


os al Nt common forest-dwelling shrew; it occurs sparingly in 
ishlands and cutovers. Arthropods comprise the bulk of the food; earthworms 
1 planarians are sometimes eaten. The fall molt occurs from August to Novem 
er, but most often in October; a f ulin naauslen & tiidind iis Minin” 
nelage in June. Julv, or August 
The Trowbridge shri =: short-lived lults disappear rapidly during May, 
June and July Sreeding ext } : Februa un early June fter which 
e most of the remaining adults ar non-breeding condition. The mean 
mher o young was five: exvtren <Kr4 ne a? d ey } vide! an ndic “a that 
partum pregnancies a : 
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REPRODUCTION IN THE WOLVERINE, GULO GULO 


By Puttie L. Wricut AND Rospert RavuscH 





The reproductive habits of the wolverine, largest of the terrestrial mustelids 


have remained largely unknown. In the American literature there are scattered } 
statements indicating that the young are born in the spring and that the number 
of young at birth is from two to four (Seton, 1927). Seton also states that mating 
takes place in March and the young are born in June. These statements, whicl 


are only partially correct, have come largely from woodsmen who have made no 
detailed study of the species Mohr (1938, 1939) states that breeding occurred 


between July 17 and 22, 1915, in a pair of captive European wolverines kept 
the ( ‘openhagen 7,00 and the female fave birth to a litter on February 17. 1916 


The same female produced anotner litter o February 24, 1917 after breedi: 


the previous summer. She suggests that the European wolverine has a gestatio1 
period of about nine months. Recently Rausch (1953) has concluded that the 


American and European wolverines belong to the same species (Gulo gulo). Th 
ibove evidence and the known occurrence of delayed implantation with the 
wccompanying long periods of gestation in several mustelids suggest that tl 
species should be more thoroughly investigated 
The collection of Alaskan mammals carried on under the direction of 
| 
junior author since January, 1949, is an important activity of the Animal-bor 


Disease Branch of the Arctic Health Research Center. The material thi 


obtained has been utilized for studies of diseases and helminth parasites, and ha 
provided information of interest to mammalogists. In the course of thes 
lections Rausch obtained several wolverin 1949 and 1950 and some fen 
reproductive tracts were sent to Wright for stud) 

In species in which breeding occurs in mid-summer and the young ar 
the following spring, the reproductive tracts of those females destined to prod 
young ll the spring Will sho no macrosco} Sig! ol pregnancy the 
are killed in the fall and early winter. If the ovarie and uteri are histolog 
sectioned, inactive corpora lutea will be found in the ovaries and unimp 
blastocysts in the uteri (Hamlett, 1935. Wright 1942 When histological exar 
ination of one of the first tracts obtained from a fem ile wolverine showe 


pora lutea and unimplanted blastocysts, it was decided to study reproduction a 


fully as possible in this species. 
| 


We are indebted to Drs. H. W. Mossman and ( H Conaway who examin 


the slides, read the manuscript, and made numerous helpful suggestions 


MATERIALS AND METHODS 


The wolverines examined by Rausch to date, more than 50 in numbe! 


beer secured largely through the cooperatiol ( trappers Never a al undant 


animal, the wolverine is continuously persecuted, and since July 1, 1955, the 


Territory of Alaska has paid a bounty on this animal. The animals were examine 


soon after death, or were frozen until examination was possible. After recording 
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PaBLe 1.—Findir nf ( Gul 
VW T) 
| 
| | 
~ ae 4 1 ] ) 
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CR 
50 160 157 
5 107 110 
) 1830 2 | 2 6S 1 
CR 
4 RQ 5 
5 "Y 10 y ‘ y 2R » | 
: 17929 : 2K, 11 
te measurement md othe dit thy mms Pre iutopsied 7 orde} 
ternal parasites and othe a s. The genital organs were fixed in 
formalin or A.F.A. The sku ind bacu vere cleaned by dermestid 
d bleached in hvdrogen peroxide. All the skeletal material was handled 
hi report su mat ( dat ro 2) 1 ( ind || tematles obtained 


the) Alaska from the fall of 1950 through the fall of 1953. The fixed repro 


und the cleaned skulls and bacul: ere sent to Wright ho studied 
acl Che ovari vere dissected free from the surrounding bursa : 
to the nearest milligram, dehydrated dioxan, infiltrated and imbedded 
fin. and serially sectioned at 10 microns (Table 1). Representative se 
‘ stained 1! hematoxy ] ind eos or Groat’s quadruple stan nd the 
idied. If corpora lute ere found in the ovaries of animals without 
opiealls iIsible embprvos the Ippel third of the corresponding uterine 
ut of, serially sectioned und th sections searched fo Nlastocysts 
tocvsts corresponding in number to the corpora tutea 1n the ovary were : 
o further sectioning of that uterine horn was done. If all the blastocysts 
ocated in the first piece of uterus, the middle third was handled in the 


iv, and even the basal third was sectioned in some cases. Measurements 


de of the corpora lute: and the blastoevsts with an ocular micrometet 
ounting the number of sections through which the structures extended 
act Each testis was dissected free of the tunica vaginalis the vas 
cut off close to the testis, and the combined weight of the paired testes 
pididymides taken. A portion of one testis and the tail of the epididymis 
out sectioned and stamed The presence oO! abse ce ol sperm In both 


and epididymis was determined 


and hacula \lany ot the usual cranial measurements were takel and 
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the skulls were studied for characters that might be 
After cleat Ing the bacula were allowed to drv for several weeks and veigl 


the nearest milligran 


OBSERVATIONS 

Female Che temale reproductive tract Is typical ol the \Iustelidae 

irv is enclosed in a bursa but there is an ostium out through which a px 
of the fimbria extends. The uterus is bicornuate and the common lum« 
hod, quite short. The fixed uterine horns in immature animals take 
the w ter are about 60 mn ong by 3 mm. in diameter. In adults take 
yr earh nter the horns are about 90 mn ong and 5 mm. in diamete 

toridis could be located macroscopically the one adult vulvar reg 
erve 

The o rie of immature temales taken dunt ng the fa and winter 

tho rpora lutea or large follicles. The cort and medullary regio 


tex shows many primary ftothet and some mediu 


fr) es. The remainder of the cortex which comprises the largest portio 
ro thre he« ) tre oliecies To! g corpol ret i Other cord 

f 9 ells extend from the stro of the tun uginea to the 
stro! d these e ire probably derived from the stroma The med 
prou 1eTO DLOOd CSE nd ered imps of sma ! 
gland « 

’} ries ¢ a ( Lies TAKE auring the 1 a early winte ( 
Sor } roe th se O the Wn ture | sho mact ( 
ite Pl. ] lhere are one to three corpora pet nd thev are fro ( 

2.00 diameter on the stained slides. The corpora do not bulg 
irfa he ovary and they are not distinct ble externally, but th 
He sec PASITV NACTOSCODICALLN | the 0 ry eTe Sf tioned W th 1 ra ) 
snarp KnItT¢ Che cells of these corpora are small, and i the Nove 
J u Sp ‘ ire acuolated like those see the corpora ol ( 
nuarte Wrigl 1942 Che cortica nterstitial tissue is well developed 
three ‘ the mma mact e pregnancy and OMDrise the irges | 
of the ova Che medu V interstitia ( re especially we | ce elope 
Octobe specime! They oceuw s scattered cords o irge glandula 
Octobe specime! shows some sma follicles with antra and man 
itreti mut thi No embet and January specimens are without follicl 
moter: md atreti POUICIEeS STI showing degenerating eggs are extreme 

Ihe OvVarie ol the two animals in active pregnancy are the largest 
Cheir corpora range from 3.38 mm. to 3.60 mm. and they are nearly seve 
the olume of the inactive corpora Of specimens taken earlier in the seaso 


ImMplantatiol hes corpora are very Conspicuous externally in the inta¢ 


| appear to be attached to it by short pedicles Only The 


and some eve 


secretory cells without 


ascularized and show very large 


are highly 





useful in estimating 


] 




















PLATE I 
Urrer Lert: Ovary of adult female with unimplanted blastocysts, showing two inactive 
corpora lutea. Animal killed in January. About 8.5 X. Upper Rigur: Ovary of adult female 


with 68 mm. CR embryos showing two large active corpora lutea. Animal killed February 2 
About 8.5 &. Lower Lert: Ovary of adult female during lactation showing three degenerat- 
ing corpora lutea (shown with arrows) and absence of large follicles. Animal killed April 
9. About 8.5 X. Lower RiGcut: Blastocyst of wolverine in situ in the lumen of the uterus 
The conspicuous zona pelucida surrounds the embryo. Several nuclei can be seen within 
the embryo. From animal killed October 18. About 77 


349 
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TABLE 2 Summary of information on position oe poe eee ee 
wolve ne blastoc f 
I | . 
Oo 18, 5 Up L. 783 13 x 840 67 
Low | { S10 ‘78 611 +7 
N ; Uy; , R. | 105 RRO) 108 102 


lan. °8) Mid. 4 L. 1 615.x 459 x 202 


Low | I 1290 wi 11&8 621 
4% 1188 O40 189 ag 
i O12 620 2°70 15 
Che interstitial tissue has undergone considerable regressiol There ar 
nedium-sized follicles 
Che ovaries of the two lactating females sho degenerating corpo! 
ise they are scarcely recognizable (Pl. 1). These ovaries consist 
interstitia cell masses o1 corpora atretr The nterstith: cells are mo} 
ous than in the active pregnancy stages. The , of large follicles 
el nactivity of these ovaries makes it clear tl t} { ile wolve 
= 5 estrous period shortly rt parturitio I Oe report 
fishe Ha 1942 
P cent scAl ‘ould ne He set exter he ¢ tracts 
nut whe the ute! ver ble iche | hvdroge peroxide und deh 
ind cleared in methyl salicylate the ring-shaped scars could be seen dist 
Che uterus of one of the animals with unimplanted embryos appear 
vhat larger and the macroscopic blood vesse ere conspicuous. Histol: 
the blood vessels sho ed thick hvalin ized alls nd it is thought that th 
hh ha e been parou 
D an pl on Oo} the blastocyst le HDiASstToOcyVsts ere ocated ni the t} 
inimals taken during the period of inactive preg ev (PL. ] The 
spicuous thing about these embryos is the heavy zona pellucida, about 
crons 1 thickness vhich can be seen eve! the freshly mounted 
ribbons. The embryos are lying completely free the lumen of the uter 
" are partly collapsed and some completely aims rl ov ave wal enaash pre 
so that nuclear counts can be made but not well enough to distinguis! 
inner cell mass and trophoblast cells. They are similar to the blasto 


leld-preser ed marten (Wright. 1942) but are larger and have more c¢ 
mation on size, distribution, and cell counts is summarized in Table 2 


rhere is a grea ariation in the size of these blastoevsts and in the m 


cells of vhic h they are composed It Is difficult to estimate then orig 


before collapse but they were probably about 2 mn a 


may be at any position the lumen of the uterus and the spacing of the 


prior to implantation has not occurred in any of the animals. In the two 


animals migration of some of the embryos from the right to the left ute: 

















955 WRIGHT AND RAUSCH—I 
TABLE 3.—Finding y ( 
We } 
22, *52 162 Juv 
28, ’51 1160 Im 
"51 2755 Ad 
51 735 Im 
5 ncomy] Ad 
) 5 1780 Ad 
1. 5] 653 | 
2 5) 1015 l 
52 1890 v 
), "52 2475 Ad 
Z ) 1359 I 


aul O eA Lore he othe 

e peel Os vere lying v¢ 
is Io! imbedding 

re el p ture ol reproductiot 

derived from the seven adu 


April and October 
blastocyst stage 1 
ary whet mptla 
March or early Apri 
ay be loss of potentia 


voung 


CS apparently do not hecome pre 


ikely In mM 


s reached and the 


The nun 


prio} 


> 
‘ 


LO 351 


PRODUCTION IN Gl 





Uso or 
SHA s genesis begil x 
ene yididy @ 
On None 
6} No 
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} 
y 1s located for each 
stocysts were found although ther 
Se { SI structure 170 microns nu 
{ ( Vas round Chere are small hodies 
d it is thought that this is an embryo 
pot embryo was not located but it 
ose to one of the cuts de in preparing 
I he female olverine can be seen trom 
iunimals. Breeding takes place sometime 


idsumme} By embrvos 


elopment ol the 


embryos remain in this 


occurs Ihe voung seem to be horn 


ber ot young irom two to toul 


ranges 
to implantation or after implantation 


nait during their first summet 


Oo 








Ba JOURNAL OF MAMMALOGY Vol. 36, N 


Vales.—The baculum of adult males is between 80 and 90 mm. in 


le neth 
P|. IL). It is nearly straight but the distal end may be bent dorsally 15 or 20 
degrees at about one-third of the way Irom the tip. The bone is round or o1 


1? 


cross section and the base is enlarged somewhat. If viewed from the anterior end 
the tip is seen to be expanded into a three pronged inverted Y. In animals judged 
to be immature the bone is less massive and the basal end less well developed 
Seven bacula from animals thought to be adults weighed from 1780 mg. to 2940 


mg. and averaged 2338 mg., while 13 bacula from immature animals weighed 


from 653 to 1458 mg. and averaged 1134 mg. One baculum of the adult type had 


Had 
the tip cut of and was therefore not weighed. The baculum from a half-grow 
voung obtained on July 22 weighed only 462 mg 

It is well known from the work of Deanesly (1935), Elder (1951) and Wright 
1947) that the baculum of mustelids develops to full size only after the anin 
has reached sexual maturity, and Wright (1950) has shown that in Mustela 
frenata the presence ol male hormone is necessary for maturatior 
baculun Accordingly those wolverines with sma 


the 
bacula are judged to be 
sexually immature 


Che testes and epididy mides of six adult and ten immature males taken du 


the fa winter and early spring months were undeveloped and aspermat 
lable 3). Unmistakable evidence of sexual activity was seen in only four animals 
An adult taken on February 4 with testes weighing 8640 me showed sper! 
production in the testis, but no sperm had reached the epididymis. An adult 


taken Ol \pri t with testes weighing 14.070 me. was active spermatogensis 


and sperm were present the ta of the epididymis 


Two males considered 
immature on the basis of their bacula, taken on March 31 and April 4 were 
apparently just becoming active \ few spern were ll the testes but none the 


epididymides. Probably full sexual activity would be found in adult iles 


obtained in late spring or early summer. It is obvious that, since all males killed 
during November, December and January were without sperm, a winter breedi 
season can not occur v this species \t the time of implat tation the male ve 


sexually quiescent 


Skul The juvenile male taken on July 22, thus about four months old 
had almost the entire lacteal dentition ll place All of the sutures were st ope 
but the skull was already as large in several measurements as that of an adult 
female. The remaining skulls all came from animals taken in October or late 


and were thus from animals at least six months old. All of these skulls sho tn 


rat Vea t erine 
( 
Z I 
7 male 61. 146.8 106 18.7 34.1 i 
13 im. male 157.7 146.1 104.0 17.9 55.2 bs 
7 ad. female 147.8 135.8 Q7 8 16.5 33.4 ( 
1 female 14 134.9 O4.4 j 























PLATE II 


Skull of adult male wolverine showing that all sutures have disappeared. The 


xtension of the sagittal crest is clearly shown. About !9 natural size. Mipp.t 

immature male wolverine showing the internasal, naso-maxillary, the naso-frontal 

malar temporal sutures still open The sagittal crest is less well developed than in 
male. About '9 natural size. Lower: Bacula of adult males on the left and im 


nales on the right. About '9 natural size 
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great majority of the sutures to have disappeared, the permanent dentition is ett 
present and in males the sagittal crest is well developed (Plate I1). Other writers of 
such as Coues (1877) and Grinnell, Dixon and Linsdale (1937) have remarked we 
about the rapid maturity of the skull in this species. ha 

Means of measurements of the skulls were summarized according to sex and } set 


age in Table 4, the immatures separated from the adults on the basis of the 


reproductive tracts. No one of the cranial measurements taken seems to b ire 
critical alone in distinguishing adults from immatures. It would appear that lal 
the longer sagittal crest in adult males might distinguish them from the imma OI 


tures but the ¢ test shows this difference is not significant. In adult males th 


sagittal crest seems to extend posteriorly further than in the immatures \ ye 
measurement of this character can be obtained indirectly by subtracting the 
condylobasal length from the greatest length of the skull. In seven adult males 


this averaged 14.9 mm. and in twelve immature males it is 11.6 mm. Althoug! 
there is some overlap in individual cases, when analyzed by the ¢ test the differ 
ence was found to be significant at the 5 per cent level suggesting that th 
real difference. The same situation is probably true in the females but the numbe 
of skulls is not large enough to permit the use of tests of significance 

All of the animals judged to be adults have all of the usual sutures Ost 
\ll the immatures taken in the fall and early winter hav: the malar-tempo! 
the internasa and the naso-maxillary sutures sti opel Some of the 
vith small bacula taken in March and April and thus judged to br 


vear old ha e some or all ot these sutures ciosed 


The degree ol tooth weal does not seen to be ol great signinca 
nating age especially since animals of both classes may show brol 
partly caused by fighting the trap 

\ ratio of eight adult males to 13 immature males was obtained and 
adult females to only four immature females. h iew of these different 
young to adults in the two sexes, one might ask if there were reaso1 


that the female wolverine matures a year earlie) than does the male. A 

on of these ratios by the chi square method indicates that ther 
suspect this since the calculated value of chi-square is not sigi 

ht to 13 and seven to fou ould be drawn from the sal 


IOS OF el 


tion with considerable frequency Also the tact that only one type ol si 


; 


pears in winter-killed immatures suggests rather strongly that there 
are ciass O1 Immature animals represented in this sample It would logit 


ow that animals of both sexes mature during their second summer 


SUMMARY 


Che reproductive tracts of 22 male and 11 female wolverines take 


during the ta winter, and early spring months in northern Alaska ha er 


studied. Adult females taken in October, November, and January showe 


planted blastocysts in their uteri and inactive corpora lutea in their ovari L 
blastocysts ranging in number from two to four per female were recover lhe 
blastocvsts mav have severa hundred cells and they are about 2mm 
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eter. A late-January and an early-February specimen had implanted embryos 
of 22 and 68 mm. crown-rump length respectively. Two early-April specimens 
were lactating but not pregnant. Four females were immature. The wolverine 
has a long period of gestation like many of the other mustelids. The breeding 
season is not precisely known but it probably occurs in mid-summer. 

The baculum of the male is described. Immature males may be distinguished 


from adult males by thei 





smaller bacula. The testes of males of both ages were 
argely inactive during the winter months. Full sexua 
largely iné £ 


| activity was seen in only 
one male taken in early April 


The skull of the wolverine matures rapidly, but the young during the first 
year tend to show open sutures in the facial and zygomatic regions. The sagittal 
rests of first year animals do not extend as far posteriorly as do those of adults. 
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area on the graph is 19.2 mm. long, probably the pelvis of an immature mouse 
teliability of diagnosis is probably low for pelves shorter than 20.0 mm. 

Lemmus trimucronatus alascensis.—Forty-eight pelves (1967o7:29 9 2) were 
examined. The pelvis sex differences were found to be the same as in the other 
microtine species, and therefore the same measurements were taken. Graph 2 
of Figure 2 summarizes the findings. In both microtines (Lemmus and Microtus 
it was found that the posterior margin of the ischium tends to be concave in the 
female and convex in the male. This enables a sex determination to be made 
easily from inspection. Thirty-seven Lemmus pelves were sexed by gross exam 
ination, and all but one were identified correctly. Reliability is probably lov 
for pelves shorter than 20.0 mm. 


Pe romyscus maniculatus sonoriensis.—Sixty-four pel es (36 


were examined. Graph 3 of Figure 2 summarizes the findings. Here it is see 


9 


that no sex overlap is present in the specimens examined; however, reliability is 
probably low for pelves shorter than 16.0 mn 


N eotoma fuscrpe subspecies anneclens, monoc hire ( and streatoris Forty 


pelvis specimens wert analyzed 20 oN: ZU As] he other three criceti 
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Fic. 1 Sex dimorphism in the peivis of rodents. See text [or explanation 
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rodents, pubic width and pubic elongation were the critical sex difference in 
the pelvis, so the same measurements were used (Fig. 2, Graph 4). Sex overlap 


occurred in a single pelvis. Those peives shorter than 36.0 mm. were not included 


since reliability of diagnosis is low for them. 


FAMILY GEOMYIDAI 


Thomomy: bottae (s ibspecies albatu: and botia ° Thirty-seven specimens 
(9 A318 > ) were studied. The shape of a Thomomy pelvis is differer 
from that of the cricetid rodents (Fig. 1). Although the pubis tends to be tl ( 
and more elongated in the female Thomomy there is a gre de ol ¢ 
he een iles il tem es. | thi spect } posterior portion ¢ i t 
also tends to be thinner in the female, and another measurement. e. was 1 
the thinnest widt tne chi in this are These differs y how , 
li] ise inconsistel NO sé ) ( ur ound t ( F 
maie tror remaile |} f i l I O I f ( > 
{ he interpul itlo ‘ nn te halve S 
me 
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only specimens ith pel\ long than 5Y.0 1 al onside! 
Overlap of sexé tig. 2, Graph 6 


DIS¢ USSION 


It has been shown that measurable differences in the shape of the inno 


bone exist between male and female specimens of the seven species of rode 
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‘re examined, and that in all the rodents studied except Thomomys males 


listinguished from females with a fairly high assurance of accuracy. The 
sex overlap in all cases tended to consist of specimens that had the 
pelves, and these are assumed to be from the youngest animals. When 
rodents by pelvis shape, therefore, a pelvis length minimum should be 
w which the specime { considered 
! lifferences in pelvis shape are so small that apparently they are of 
oO nce | tn nD Se t ud two subspecies ol Vic tus califo u 
V ec aju D ind three of Citellus beecheyi we » used, yet there was 
ubspe difference in pelvis shape within the species. Age 
pelvis lengti ither than race seems to be a more important factor 
remale odent 1 SED ( tne pubs ¢ th pub ymphvsis 
irs d g gestation and is direct used by sex hormones (Hall, 
I d Newton, 1946 hi erpubi naration is characteristic of al 
lied ] onciad Cit The p hane d en te thin ein 
nigh é lue to mod ( the female pelvis to facilitate 
D, . ‘ 1 na +¢ | t estrogen 
havi es thes Wi = — 
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HEMATOLOGICAL STUDIES ON MAMMALS FROM ALASKA 


By X. J. Musaccuta, C. G. WILBER, AND T. W. Gorsk1 
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It is evident, according to Downey (1938), that hematological studies o1 
mammals other than the common laboratory and domestic forms are relative Ly 
scarce. The comprehensive tabulations in the appendix of Wintrobe’s (1953 
work on hematology show the dearth of information in this field 

During the course of a research problem dealing with the physiology of arcti 
animals, considerable hematological data were obtained from a variety of man 
malian specimens. The work of Slane and Wilber (1952) on the hematology of 
the red backed mouse, Clethrionomys dawsoni from centra! Alaska. is the onl; 
recent contribution to our knowledge of blood cells in wild Alaskan mammals 
In order to keep interested investigators informed, this report on blood counts 
differentials and erythrocyte measurements from a number of mammals collected 


in Alaska is presented 


Spectre The following species were studied in this investigatior luds 
Bay ground squirrel, Citel parryit pa Yukon ground squirre 
Osgoo \laska red squirrel, S¢ hudsonicus petular MacFarlane me 
mouse Vii olu mactarlar . blael peal { S72 american ochraceous 
chuclh Varmota mona ochracea: snowsnoe hare Lep americal 

este! MUSKI Undatre bel va ut \ ‘ ereu 


Lu? m jop 


ld and laboratory wo During the summer of 1951. red squirrels 
ce wooacnuc , Sno shoe hare and muskrats wert ected 
ent Alaska. Some ground rels, porcupine easels, ral 
be )} the n Let the A c Ae ed 
i ree Base. Fairb \ 
Bloor ( ( ounts and ere ere ( 
lig Mhe hlao en) ; r Wriol or ¢ 

hnique turyth t re iren ¢ | } 
i UOlLIO Ut 

Chis research project was supported in part by the United States Air | 
(‘ontrac Numbe \] 39(0338 )-3010 

Results and discussio Details of the erythrocyte cour re givel 

In general, the red blood cell counts of the Alaskan rode studie i ( 
liffer from those of other rodents as published (Table 2 

lhe red blood cell counts from four newborn Sciurus are considerably less tha 
those from the six juveniles (Table 1). This observation is in keeping 
hndings in common laboratory animals, rabbit, 1 ind dog (Sscarbo ¥ 
1930-1931, a, c,d; and Morris, et al., 1939 

\mong the various animals studied the means of the erythrocyte diameters 
differ: the marmot has the largest erythrocyte, 8.19 micra; the porcupine, 7.54 
micra;: the rabbit and the hare, 6.95 and 6.89 micra ré spec tively the squirrels \ 


range from 6.66 to 7.15 micra; the mouse and the weasel have the smallest 
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AN ELEVEN YEAR HISTORY OF A SIGMODON BOPULATION 
By EuGcense P. Opum 


While general o 


bservation has indicated that annual fluctuations in popula 
tion density of rodents in southern United States are less 


“cyclic,” 1.€., peaks less 
regular, than is the case in the classic northern four-year cycles, few long-term 
observations have been made on populations in stable habitats. The possibility 
of a north-south difference in the nature of population oscillations has an impor 
tant bearing on current theories of ‘cycles.’ For the past eleven years trapping 
has been carried out according to a consistent plan in an old field where habitat 


features have been relatively constant. The field is located near Athens, Clarke 


County, Georgia in the Piedmont section of the state. The cotton rat, Sigmodor 
hispidus, comprised the great bulk of the readily trappable small mammal popu 


lation in the old field, which is in a stage of vegetative succession favorable to 
the species. (Cotton rats occurring in Georgia except for the coastal strip, belov 
100 foot contour line, have been assigned to the subspecies Sigmodon hispidus 
komareki by Gardner, 1948.) Results of this study are presented simply as evi- 
characteristics that apparently have occurred on a limited area. No attempt 
will be made at this time to interpret these data in terms of various theories that 


have been advanced to explain population cycles 


dence of changes in density, natality, age distribution and other population 


The writer is indebted to the following students and former students who 


helped with trap setting and specimen preparation at various times during the 
period: Drs. Robert A. Norris and David W. Johnston, James C. Major, H. C 
tobert, James O. Harrison, Edward J. Kuenzler, Jack Lowe, and J. B. Gentry 

The study area.—The old field selected for this study (PI. I) is one of a series 
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of abandoned fields lying on a slope a quarter of a mile east of the North Oconee 
River at a point opposite the Dairy Farm of the University of Georgia, which 
lies on the west side of the river. The fields are typical of abandoned cotton lands 
of the Piedmont region At the start of the study the field had been abandoned 
about eight vears and was in the broomsedge shrub (Andropogon Rubus stage 
of succession. Both gully and sheet erosion are evident throughout the area. 
Terraces constructed along contours during previous cultivation remain promi 
nent and are an Important habitat feature. The particular field was selected be 
cause both previous erosion and the absence of a nearby source ol pine seeds 
ould operate to keep the field in virtually the same stage of succession for many 
ears. Except for continued growth of small trees and shrubs already present, 
especially on the old terraces, and the invasion of a few new pine seedlings, the 
irea has remained remarkably stable. The last peak in cotton rat abundance in 
> was about the same order of magnitude as the first peak observed in 
1946 Fig | vhich would indicate that the carrying capacity ol the area for 
mn rats has indeed remained about the same over the eleven year period 

Broomsedge, Lnd opogon irrqinicus, Torms an almost continuous cover over 

the rea (PI. I except for a few very badly eroded spots which have remained 


hare. Old field forbs such as species of Gnaphal im. Solidago. Lespedeza, and 





PLATE I 
he study area as it appeared in the early spring of 1952. The white flag marks the be 
ginning of trapline no. | which continues over the hill in the background Line no. 2is tothe 
rig ust out of the picture The first row of trees and shrubs (in the foreground marks the 
first low terrace see |} ig 3 \ second and larger terrace is mostly out of view over the hill, 


ut portion of it may be seen in the left background. The light colored stems in the fore 


ground are broomsedge indropegon) and the dark stems are canes of blackberries (Rubus 





umerous small and a fe large clumps of blackberry Rubus) and ore 
Smila There are a few pine seedlings (Pinus taeda and P. echinata) her 
there vel : f small deciduous trees and shrubs, chiefly pe 
Diospyro nana sumac (Rhus glabra iter oa Quercus nig 
plu pP Covel more dense on the 0 terrace vhere the v1! 
OTASSE Dbliackberries trumpet Ines shrub ind ~ Tres is thicke P 

The udy re is surrounded by similar field ( of which have ( 
tivated more recently, or are mowed for hay. Narrow hedgerows o 
ep ite the study re rol other elds Thus thy id re IS 1) ont 
other field vhere cotto rats are numerou 

VW ethod During the first four vears (1944-47) the population w: 
each fall by meat ol half-acre quadrat follo ¢ the method of Bo 
W he Dr. John B. Calhoun organized the Nort Ameri Small M 
Censu 1948 we switched to the use of loubl rap e and sample } 
ul t1o hot! spring ad ia of each ve rae th I dat night 
parable with that obtained by other workers follo Calhoun’s plan (( 
1948). Spring trapping done during ee] \l: 
trapping betwer Octohe () d Nove ( ) ral r ere ru 

les to terraces as sho Figure 3. Each lin ed of 2Q st 

ip th three trap regu ( ( nd on 
museum sper rap each station. Th ere placed 200 fee 
originally standardized by Calhoun (1948). The ontained 40 

th otal of 120 trap hich were operated hree suce e day 
0 trap nights). On one ! » OCCASION he spl o trap I 
VAS 1 extra da order to obt hree e 24 hour p 
trappu Du ey the fi rour years o1 r¢ ( nd approxin 
pecim ere recorded, but beginning LO4S8 ere oy} 
ured and exal er rv reproductive condit Oo ere kept as stud 
lhe same b ised throughout, i.e., a h rge peanut tigh 
0 the trigy rele ( It is possible to oO yal t} populatio 

1d eld I he gener evel in the region | me ot the ve 

‘ther trapping done in the Athe \ 1949 
1 tud irried oO ) anothe Sil ( Ay ! vere 
Februat \la \ugust d Novembe | m home rang 
ere uset the interpretation of trapline result In 1948 Robert N 
Da | Johnston set out ha acre quadrats d double raplines in the 

ultaneously. They found that the double trapline caught app 
LW eas many animals the quadrat. On this bas the dt dat 

ere converted Oo trapline densit\ 

Because our studies on home range size Siqmodon are incomplet 

e, trapline mal numbers can not be converted n densit, 
umber per acre with any degree ot conhidenes However, it appears tro 
range data at hand that lor S7igmodor the double trap ne samples appron 
one acre is is also indicated by the quadrat-traplin« comparisons met 
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RESULTS 

Numerical density.—The total catch is shown in Table 1, and the annual 
fluctuations are diagramed in Figures 1 and 2. Seven species of small maramals 
other than cotton rats were taken, but only in small numbers and at irregular 
intervals. The habitat was somewhat far advanced, succession-wise, to be favor- 
able for Peromyscus polionotus, Cryptotis, and Reithrodontomys while it was too 
“young” for P. nuttalli and P. leucopus. Microtus is rare in the region and was 
taken in the study area only in 1946. As shown in Figure 2 there seemed to be a 
tendency, perhaps only coincidental, for these ‘‘marginal” species to invade the 
field during periods when Sigmodon was less common. 

As shown in Figure 1, autumn densities of Sigmodon oscillated rather sharply 
between high levels of 50 or more per trapline to less than 20, with a high density 
occurring in four of the eleven years. There were three major peaks if we consider 
1952 and 1953 as one peak. The only year with a fall catch of intermediate size 
was 1949, and this could well be considered part of the second peak. Thus, it 
would appear that there have been three well marked ‘cycles’ with major peaks 
in 1946, 1948, and 1952. The interval between peaks was two and four years 
The peaks that occurred on the study area did not always synchronize with those 
on other local areas, but as nearly as could be determined from somewhat spo- 
radic random trapping in Sigmodon habitat, peaks for the Athens region as 
whole coincided within a year or so with peaks on the study area. 

Spring and fall density since 1948 is compared in Figure 2. In each year, except 
for 1954, fall density was higher than spring density. While a low density was to 
be expected in 1954 following two years of abundance, the exceedingly dry sum 
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Fic. 1—Autumn (November) densities of Sigmodon in number of individuals caught il 
the double trapline (120 traps in two lines of 20 stations each) between 1948 and 1954 and in 
equivalent quadrats 1944-1947 (see Table | 
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‘ nd fall of 1954 may have depressed the population so that the usual re- 

ery from the spring low did not occur, at least not by the time of the Novem 

( trapping period \ seasona evele vitl f low point in the spring and a high 

point in the fall appears to be the usual rule in northern areas since the major 


part of the breeding season occurs between these two periods. However, we are 
ing that the seasonal cycle in Peromyscus polionotus on the Coastal Plain is 
ersed, with the greatest abundance coming in the late winter or spring 
and the least abundance in late summer or fall. Pournelle (1952) and Me¢ varley 
1954) have reported the same thing for Peromyscus gossypinus in Florida and 
exas. At present this reversed rhythm is interpreted as due to the depressing 
of hot weather in midsummer, which results in the highest natality occur 
g in the more favorable periods of late winter and early spring Since cotton 
breed equally well throughout the year when kept in captivity under con 
tant temperature (Meyer and Meyer, 1944) it would appear that photoperio 
licity is not a major regulating factor as is true for some mammal species 
Consequently, temperature is undoubtedly important. It is apparent from 
Figure 2 that, in most years, Sigmodon in northern Georgia may be expected to 
exhibit a “northern type” seasonal cycle of abundance. Since Komarek (1937) 
reported that cotton rats in southern Georgia also reach a peak in the fall, 
it may be that reproduction in this well adapted southern species is not curtailed 
by high temperatures in summer, as is the case with P. gossypinus, but instead 
reproduction is more likely to be inhibited by low temperatures in winter. 
In Figure 3 the total number of cotton rats caught at each of the twenty sta- 
tions on the two lines is shown in relation to the bushy terraces and the more 
grassy inter-terrace areas. As might be expected, the catch was greatest in the 
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ASPECTS OF A POPULATION STUDY OF CAVERN-DWELLING BATS 


By Joon W. Twente, JR 


[In the course of a year’s investigatio1 September, 1952. to August, 1953) of 
t] habitat selection behavior of four species of cavern dwelling bats. som« data 
regarding aspects of the populati m dynan of these bats were gathered. This 
paper is primarily concerned with Myotis velifer incautus (J. A. Allen), although 

a } ronnie ) i, Of py Mj los / nf f « r nallid Young. ‘ nd 

{ H rd are secondari I tioned. The classification of 
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, wrandhy Cho th , : called ’ Ithough 

VD ] } ry ty y } ; a T 

bn atroal atats hess a es Bn numeral 

thon a. « at Tce 7 ee tema’ t] reviol 

lO ) ( e! [] M ri ( ( T 1X 1) I] trance 

S” | Hibbard, 1934), McM of Ce 1952): ¢ n XI. 

Bridge; ‘ XII, D rd, 1934); Cavern XII] 
Arch ( r lib 1‘ ‘ XT H rd ( ind T.oealitx 
‘ a : Loaf , , n operatios 
) AC O acKknowi1edas { ) we ( \ ndo ers of the 
thout whose cooperation tl ' not have been completed 
l ri | ) l Ke 1 hank M M lohn M Mot T yr a ate] 
s and M nd M Dewe Mi } A Oklaho | ’ » tc 
) toral dissertation submitted to t] luate sel Univer 
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Brown, William H. Burt, Pierre Dansereau, Francis C. Evans at 2 
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L1O! th prep rat I t the Ire eri E smitt y | the 
ersit yf Mi higa or! n nel t statistica nterpre ition of the 
Ho urd J. Stains, « the Ur It O Kal sas made the ident ations ol 

t te tound 1 the ra oon seat 

MOVEMENT AND HOMING 

O hod of checking movem«s bat om < Oo caver! d from p to place 
e 4 ¢ ial h dit hed her there Or } inded b 4 y lic te th at 
¢ Irom caver to cavern occurs throughout the winter and that bats have no 
tendency to return to a particular place in a cavern during the hibernating season If bats 
take several miles from the cavern o! capture and released, the tenden¢ to return to 
the original cavern indicates a tendency to home; scattering of bats to many caverns indi 
cates that bats merely go to caverns that are available. The relation of homing to habitat 
8¢ tion is that the probability of a bat selecting a cavern suited to its metabolic de 
ds is increased if it has a tendency to return to such a cavern after having been taken 
irom it The number of caverns in the regior studied that are not suit able for long 
eriods of winter habitation are man Twente 1954a andif the bat should choose one of 
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these, its behavior is to yve to another cavern after having spent a s 





Bats were banded on the forearm, using U.S. Fish 1 Wildlife 
bands, from Octobe 1952 » ear! April, 1953, to test ovement t 
season a to tra novem from winter cav to su r ¢ 
all Corynorhinus, Ept is and Antrozo that could be captured w 
cluded 155 Corynorhinu 60 Ept cu and 8 Antrozou Other Antroz 
+} | 


hey were inaccessible in a narrow crack in the ceiling ol Cavern VIII \ h 





iberna 





tion of around 5,000 Myotis in Cavern [IX made gross banding impossible, and even if fe 
ible, such banding would have caused disturbance which was not warranted i habit 














selection stud Consequentl a sample of 424 Myot y 
numbering 487 individuals were banded from other cave 

Banding records show that Myotis move from othe ‘ 
the fall, to Cavern IX, which i wintering ca for t 
Uy ) ifter h ving be l banded or distur! od in i CAaVeTI 
und then beco latin introzo 
crack in Cave 1ained there af 
When Co norn ed Tr lab 
invariabl awat 
several months, if at all. The disappearance of bats from caverns afte 


turbed does not imply that such movement occurs in undisturbec 























pearance yf banded bats and the first appearance of unbanded bats (s h as Epte ul 
( ? hict specimens seen were banded during the hibernating s 
indicates t] »' ( caver to f during e\ iidest weather ox 
populations tl have not been disturbed by banding studi 

Banding studies indi tl 151 (16.6 per cer 911 M band R 
tured } (3.6 per ce se band ( yther than the « 
banding. Recaptur o! 55 t if € 5 .o per cen lt ug 
hree (I I > 0 pe r Ww found cave ythe I ( ern of | ling 
Eptesicus we ound in forei caver! [hese figures do 1 ean that Corynorl 
Eptesi« tend to stay he san ver! wint bt } the bats were | y 
in unknow rT or periods ¢ 1e befo awakening ) r to other cave 
vere being studied and the were observe The p t yvvement beh 
Corynorhin 1 Ent in the winter seems to be the s¢ 10 4 cavern in wi t 
may stay for a period of a few da‘ »a month, depending on environmental conditio 
then after awaker ron 4 period of torpidlit they fly out of the cavern and | ) 
in another « Af te Iwakel n this second caver! the may retur bo t 
in which they were first banded to another caver Of 49 male Corynors Da 
in Cavern II during the hibernating season, 12 we recaptured there once a 4 perio 
absence from the cavern; six were recaptured twice; and three were recaptured three tin 
One r Lec WAS ¢ pt ired on ne differer occasions if Caver [I i tine hibert tl iz 8 
Of 48 female Corynorhinus banded in Cavern II, 13 were recaptured once and non 
recaptured more than once. Of 13 females banded in Cavern VI, four were recaptured o 
one was recaptured twice; and one was recaptured four tin One female was recaptu 


once in Cavern VI and once in Cavern II. The only male found in Caverr 








there four times and once in Cavern II during the nibernating seaso These d indi 
either that the male Co jnorhin hav i tronger tendene to turn to one cave t 
the females t the males awaken and move e otte than the females TI latte 
probably the mo xccurate interpretation as Pearson, Koford, and Pe ) 1952) sta 
that male Corynorhi? in California awoke mor otte t i the temales during ne 


bernating season. The same phenomenon was observed in this study 


December, but from February on the behavior seemed to be the same 
havior of the sexes from October to Februar however vould account 
in re iptures 0 I es id female 
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Banding returns show that, during the hibernatin 





season, there is no tendency for 
Vyotis, Eptesicus, or Corynorhinus to return to a certain place in a cavern. In Cavern II, 


found during the hil ernating season, 
ra 


where most of the Corynorhinus and Eptesicus were 


inbanded Corynorhinus were present at nearly every visit to the cavern. This implies that 


the population is widely dispersed during the hibernating seasor 
Small numbers of Myotis may be found in Caverns I, II, VII and VIII in the winter, but 
nter concentrations of these bats are found only in Caverns IX, XIII, XIV, and XV 
Over several hundred Myotis are constantly present during the hiberating season only in 
Cavern LX. A total of 88 Myotis banded in Cavern [IX during the hibernating season were 


recaptured there 4 female bar ded in Cavern IX ir December was rec iptured in Caverr 
XIV in February, and a male banded in Cavern XIV in December was recaptured in Cay 
ern IX in February. This movement seems signif i i distance of 21 air miles 
Whether or not this moveme! 





vas caused | not kno Griffin (1945) 
eported flights as long as 125 miles from one he winter 
On March 26 and 27, 1948, Cockru 1952 nd 890 fe in 
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usually numbering from 25 to 60 bats, were found in Cavern II on many occasions during 
October and early November. These autumn pre-movement clusters always formed at § 
identical places in Cavern IT. One of these places was a concavity in the smooth ceiling 15 [ fou 


feet above slowly running water. The other was six feet above dry guano within five feet of a 





yf thousands of Tadarida mexicana (Saussure). These clusters appeared 


clustering place 











overnight, remained together for several days and stayed somewhat torpid depending on the 195 
surrounding temperature; at night they moved out of the cavern apparently to a hibernat at | 
ing colony. Within a day or two another cluster formed and the same process was repeated se) 
Of 30 males banded from one cluster in Cavern II in October, three were found a week later ter 
in Cavern IX. Autumn pre-movement clusters of this kind have been examined at Caverns 
I, If, XI and XIV. Sampling such clusters, therefore, gives a preponderance of males whic! 
is not warranted for the sex ratio of the entire population, and illustrates differences in the rat 
behavior of the sexes é 
Small clusters of Myotis near the entrances of Cavern IX during the early part of the 
hibernating season tended to be predominantly male as did all of the clusters at Cavern 
XIV. Small clusters were taken for sampling early in the study in order to get a relativel 
large number of bats with a minimum of disturbance to the other bats in the cavern 
A ? AKA Raw 
“ 2 P ree 
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4 = ¥ . 
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™, 0.7% 
37 
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Nie. 2 Age groups of Myotis velifer as determined by the amount of wear on the canine 
teet! \”’ includes the total number of Myotis sampled from all localities. 1684 individuals 
are represented 57.4 per cent males and 42.6 per cent lemaies This includes those bats tr 
oon? but not those in **C’’ 
‘B”’ includes two samples of Myotis from Cavern IX taken on December 11, 1952 
March 15, 1953. 831 individuals are included, 51.7 per cent males and 48.3 per cent fer e 
None in “‘C”’ are included \ 
“©” represents the remaining members, in Cavern IX, of a population of 2,000 My ; 
banded in March, 1948. Eighty individuals were taken, 42.5 per cent males and 57.5 \ 
per cent females. (The histograms are based on 34 males and 43 females | 
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morning and fresh raccoon tracks were present in the mud below the place that tl 








been tied. A single raccoon scat collected in Cavern IX in October, 1952, contained the r 





mains of 14 Myotis, as indicated by the number of claws; this was probably the result of b 
single night’s feeding. A raccoon scat collected from Cavern II consisted almost solely o 01 
Tadarida hair 

Probably one of the heaviest predators on bats in the region studied is the rat snake fr 
Elaphe guttata emoryi. Hibbard (1934) reported finding one of these snakes on the floor 
Cavern XII on September 3, 1933, that had recently swallowed a Myotis velifer. In the cours tl 
of this study, these snakes were found in Caverns II, VII, VIII and XIV in both the wint, C 


and summer. These snakes hibernate in small cracks in the ceilings and walls of the caver 


during the winter and are found in similar situations during the summer months. On Ju 





13, 1953, in Cavern VII at 8:45 p.m., after the adu Vyotis had left the cavern to feed, 1 
medium-sized rat snake was seen on the ceiling. The posterior two-thirds of this snake 
in a narrow crack and the anterior third was stretched toward a cluster of baby Mu 
’ 
freshly-swallowed adult male M yot orel regurgitated by the snake at this t A 
Two other rat snakes had been marked | le clipping hi vern ¢ li j If 
there were probably e t ee snal r ¢ 1 I ( This snake ‘ y 
can er 1 along the rough ceilings of ¢« ( I hre leepir ' 
du hat 1} On Decembe 4 195, he s r é Ss nd ir 
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SUMMAR 
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central Kansas and northwestern Oklahoma from September, 1952, to August 
1953. Data on some aspects of the population dynamics of Myotis velifer incaut 
Corynorhinu rafinesque pall scen { ntrozo bunke and Eptes 
pallidus are given 

Banding returns indicate that Corynorhinus and Eptesicus move from caver 
to cavern throughout the winter and are not 


ound in the same place in a caver! 
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VU yotis, when they awake from a period of torpidity, fly, and shortly thereafter 
ern. Some Myotis moved to 


T 


become torpid at a different place in the same cay 

other caverns, however, and several made winter flights as long as 21 miles. 

Bats were taken from hibernating quarters and released at distances varying 
"1 


to 26 miles away. The data show that they will sometimes return to 


from seven 
the cavern from which they were taken, 
rms that are not in the direct line of flight from the point of release to the 


1 


but that they will also fly to other 


vern of original capture 
idence indicates that flying bats may find cavern entrances 


Experimental evidence 1 
by following the sounds made by other active bats within the cavern. 

Data gathered indicate that the sex ratio of Myotis is about equal although 
li ential behavior of the sexes may lead to biased sampling techniques. More 
fe es th males of the other gens died were captured, but this is not 
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ecording to whether they contain primarily decapod chitin or fish scales, the 


] 


ormer pellets being dark red, the latter blac] \ sample that was thus sorted 
f 


d to contain almost equal volumes of each type of pellet. Since there were 
y mixed pellets, one can infer that the diet of this species is about 50 per cent 
50 per cent shrimp. Pizonyx has been observed fishing, but the exact way 


vhich it catches fish is still in doubt My attempt to induce captive Pizonyx 








te] ner described below for Noctilio have been unsuccessful. 
lerma lyra and Myotis macrotar have feet only slightly larger than those 
heir relatives, while Pizonyz and Rickettia have relatin ely enormous feet, with 
rged, laterally compressed claws, si ar to those of Noctilio leporinus, the 
nown of the fishing bats and the main subject of this paper. In the ab 
knowledg« ol the actus habits of anv sp es, 1 would conside1 this an- 
il modification of the hind feet the best possible evidence as to whether 
the bat vctu ie fish-eat 
ibeenus Dirias. N noriy nges fro! he Caribbean and Mexico 
ard through the A n basin : tl estern lowlands of Colombia 
HMeuad In Panar here ti ns to | reported were made 
re two species ¢ V ot \ } } the large fishing bat, 
Diria abu ( nee, I sl eall the Noctilio and 
espe 
I f ispected ¢ uat I s sines 
5 L( tu I _ th ULit it { wnt mal 
ps while skimming « tr Ecuad he history of the ensuing 
eTsV OVE he he oO! ? Ln 1 augcn sh and ; 5 hether 
f , compl ravis 1 bi 
104 d } , or r e s ed thus 
eithe r } tol chs 
I u ad ing oO streams 
F such t P sr Vene 
e! , ) I ] ered to 
I I rio O S nat 
I tk ] rie ) l rt )¢ ous net 
self-contrad tern he yn of this 
nd the | f I ( definit ynclusion 
pat 1 neve D s ( l the ( Opinions 
diffe Gudger, I { agr fe th the 
{ oO ri ) el ) I ( i the i pervious net idea 
epted LK¢é the etn t e si te 4 actually used: 
Ve gaffs fish with claws of the hind fe: hich are specialized for the pur 
jose, and the interfemor: membran s never used except occasl mally as a 
uch in which to confine the already « pt red fish momentarily 
The question of how f shing bats locate their underwater prey has also been 


ans ered here torore only Dy sper Ato} I has been show by Griffin 1953a, 





that insectivorous vespertilionids of northeastern United States can echolocate 
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small insects, and from many other observations and experiments it may be as- 
sumed that bats are generally able to detect echoes of their ultrasonic cries from 
rather small objects, at least as small as five mm. in diameter, and probably 
smaller. However, when high-frequency sound passes through an air-water inter- 
face, there is a great loss of sound energy, such that one could not certainly pre- 
dict whether or not echoes from underwater objects would be sufficiently intense 
to be usefully audible to the bats, even at close ranges. Since Noctilio sometimes 
hunts successfully even in almost complete darkness, visual location of prey is 
unlikely. Some indirect evidence is here presented bearing on whether or not 
Noctilio can detect underwater fish, or simply fishes more or less at random 


MATERIALS, METHODS, AND ACKNOWLEDGEMENTS 


While in the Panama Cana! Zone as assistant to Dr. Donald Griffin, who was 
gathering records of the high-frequency sounds emitted by various tropical bats, 
I became interested in the fishing activities of Noctilio; the work to be described 
resulted directly from Dr. Griffin’s interest and encouragement, and Dr. H. C. 
Clark’s generous offer of the use of the Gorgas Memorial Laboratory’s Juan 
Mina field station, five miles northeast of Gamboa on the Chagres River. Part 
of my work was supported by a contract between the Office of Naval Research 
and Cornell University. To Dr. Harold Trapido, also of the Gorgas Laboratory, 
I am indebted for many helpful suggestions and information on the abundance 
of Noctilio and Dirias at Juan Mina. Dr. Trapido had previously established 
(MS) by observations and stomach analyses that Noctilio did catch fish in Pan- 
ama and that Dirias probably did not. Mr. Henry van Horn also supplied in- 
formation on where bats could be found and helped in the collecting. Barbara 
Lawrence of the Museum of Comparative Zoology, Cambridge, generously per- 
mitted my dissection of some specimens of Rickettia pilosa and M yotis macrotarsus 
(stomachs empty). Lastly, I am grateful to Drs. O. P. Pearson and Seth Benson 
for critical reading of this manuscript. 

At Juan Mina where I lived during April and parts of May and August, 1953, 
the Chagres is wide and slow-flowing; its surface is only rarely disturbed by mild 
breezes. The land around it is covered mainly by thick second-growth jungle, 
with a few small, man-made clearings. A colony of Dirias lived in the attic of 
Mr. van Horn’s house, and both these and Noctilio could be seen in abundance 
flying over the river at night. During my stay there I observed both wild and 
captive Noctilio and Dirias, and photographed them in action in captivity in an 
attempt to prove, for each species, whether or not it caught fish, if so how, to 
what extent it lived on fish, and whether or not it was able to echolocate or 
otherwise detect animals beneath a water surface. 

The captive bats were kept first in wire cages and later released on the screened 
porch of the laboratory building; this porch is about 40 x 8 ft., and 10 ft. high. 
For Noctilio’s fishing activities, I provided a galvanized iron tray, 24% x 6% ft., 
21 in. deep, set in the center of the floor. The bats were captured over the river 
at night in a silk trammel net, about 8 x 25 ft., suspended horizontally just above 


the water. All animals that survived more than a few days of captivity subse- 
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nothing about Dirias’ natural diet, for Phyllostomus, a large, partly car Dp 
partly frugivorous bat, and several temperate-zone Insectivorous vespert ds di 
have also learned to eat fish in captivity Therefore one may conclude ha 
Diria unlike its large! relative Is not a fishing bat. With the know edg | re 
Dirias’ habit of flying low over water, of its ability to e on a fish diet, of \ 
tilio’s method of capturing fish, described below, and th the assumption tl ( 
the common ancestor ol hoth species Was probably pat th structure Ne 
habit ery much like those of Dirias, on ther gine how the fish } 
a co urrent speciall 0 ot the } d toot evolved Voctilio 
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a bat may sometimes quickly shoot a foot out to one side, presumably to catch 
a fish, but this may simply be an effect of unequal water pressure on an inad- 
vertently twisted foot. However, if intentional on the bat’s part, the action 
would imply close range echolocation of the fish. 

In the light of these observations and photographs, I think it can no longer 
be doubted that Noctilio, and probably other fishing bats that have the same 
specialized hind foot, use the obvious method of gaffing fish. For this reason, 
and because of the mechanical difficulties of any method involving use of the 
tail membrane, I find it hard to believe Norris’ observation Reeder and Norris, 
1954) that Pizonyx dragged the water with their tails, or that they catch fish 
and shrimp with the interfemoral membrane. My own experience suggests that 
no observation of this sort made at a distance of more than three or four feet 
ean be relied upon to determine details involving distances of only one or 
two inches. What Norris probably saw was the bats dipping not their tails but 
their hind feet, and since the tails most likely were curved forward, although 
tucked up against the body, it would be difficult to determine the actual posi- 


when obser ing from adove, as Norris was, on the stern of a ship. 


ae 
tion of the tail 


The total consumption of the two bats was estimated to be about 30—40 fish 


each night per bat. The maximum actually counted was 38 for one bat watched 


unt { AM Since wild N octal are knowl! to eat some insect food in addition to 
fish (Dr. Trapido has found both fish and insects in each of four Noctilio shot 
vhile flying cover the Chagres), and since fish in the river are not usually quite 


ywded as they were in the tray, these bats probably eat rather fewer fish 


the wild. In the bats’ favorite fishing lagoons, the density of fish near the sur 
face was estimated to be about one-quarter of that in mv tray when it contained 
the usual 100-200 fish 

Indirect evidence as to whether or not the bats can detect subsurface fish is 
provided by comparing their actual percentage of successful dips with the pro 
portion to be expected if they were dragging the tray completely at random. The 
etual per cent of successful dips can be counted accurately, since, although it 


IS lI possible to see whether a bat catches a fish one can hear the chewing noises 


when the bat is successful, even if it does not return to its roost to consume the 
nist The expected success of random dipping ca pe ca cul ite | from the follow 


{ / LOSO 


where C is the chance of at least one claw striking a fish of height and length 

ao em respecti ely, with n fish in the part of th tray accessible to the 
flying bat. Estimated average values for a and b are 1 em. and 24% em., while 

arbitrarily taken to be 10 per cent of the total number of fish in the tray, 
since most fish tended to congregate at the sides and ends of the tray, where 
the bat could not dip easily {vf is the effective vulnerable area presented by 
the average fish turned at any angle to the bat’s line of flight, the average angle 


being 45 degrees. Avf approximates an ellipse, whose long axis is the length of 
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the average fish divided by +/ 2 and increased by 4 cm., the approximate length 
of the line of claws presented by the bat (No. 6). At is the area of a vertical r 
tangle perpendicular to the tray, bounded by the surface of the water, lines 5 


em. from the tray sides, and the bottom. For convenience, all n fish 

sidered to be in the plane of this rectangle, which involves the assumption that 
at any moment the images of all the fish could be projected on this plane with 
out overlapping Using this formula, the calculated proportion of successful dips 


can be compared with the actual success of the bats, for high and low densiti 


of fish. If there are 10-25 fish in the tray (7 1-2.5), the calculated success 


03 to .04. while the observed was. for one series of obser ations. .02. With 100 


200 fish, calculated success is .13 to .26, and the observed, for 7 series, 08 
to .17. A series of observations was considered as a period in which a bat 
feeding more or less continuously and caught at least ten fish. Although the 
ethod of calculating success involves some arbitrary estimates, and the 
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Encouragement and helpful criticism were also provided by Donald R. Griffin. 
This work was supported financially by contracts between the Office of Nava 
tesearch and Cornell University (Zoology Department) and Harvard Univer- 
sity (Biological Laboratories). 

Data from previous work.—While many studies of bats’ feeding habits have 
been reported, the results are often useless for the present purpose either because 
the insects could be identified only to order or family, leaving a considerable 
range of uncertainty as to their actual sizes, or because the identity of the bat 
itself was in doubt. The most extensive list of insects captured by known species 
of bats has been assembled by Poulton (1929) who includes many scattered ob 
servations reported by others. These records and most others do not give the 
insect sizes directly, but in such cases typical figures for the species in questio 


have been obtained from Hampson’s, CATALOGUE OF THE LEPIDOPTERA | 


LAENAE IN THE BRITISH MUSEUM, or other standard entomological referé 
The European long-eared bat (Plecot auritus) provided most of the dat 
summarized by Poulton; but this species can not be considered typical of thi 
family Vespertilionidae, for it not only catches moths on the wing but also 
insects off the foliage of trees and bushe Poultor cit.). Buckhurst (1930 
Manwaring (1938), and Nicholson (1937) list 431 individual moths and 
flies of 22 species take v Plecot The smallest of these was‘ Maniola t 
vith a wingspread of about 30 mm., and the largest is Vanessa atalant 
vingspread of 67 1 Tl t co yn motl these list VM 
brassic Ca ; I 1 A ” frag it] rs 
ol 46, 33 1 38 m respectively. Othe ( l Sl vert So 1 
The averag spread of th ot] take Plecot i r 
( 15 he records pres 1 the fou it Mi ( I 
l I ( is O ed fi oth wins nd be th P 
; " : so } , the von] + he ren: 
this compilati 
The noctule (Ny tl Bur re 
1 é her ( ppro 2 I od gt Ry eT l )47 
Ri \/ } ni} , } } ‘ 2) 
i | G ) Eisenti 1950) s 
th specie togethe h Ente VJ ( R] j 
¢ nu prete relatively r¢ nse lr} OSE elated bu Ss 
N ycta isleri feed east to some ext ecording to Poulto n the dung 
ti Scatophaga stercoraru it! ingspread of 23 1 TI maller I 
t of the f l Vesp ilionidae are s if fis raut ) pret iptel 
and the smaller Lepidopter: 
The European horseshoe bats of the genus R/ nolopl belong to a different 
family from those mentioned above, and Moehr« 1953) has recently show! 
that these bats use somewhat different types of high Irequency sound for oriel 


tation, sounds characterized by higher and constant frequencies, longer pulse 


duratio and more directional emission. Poultor low cil reports that the 


greater horseshoe bat (R. fe rrum-equin ” was found to feed on at least 


species of beetles, Geotrupe 8 Sprninger ana Melolontha vulgaris, 20 and 24 
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length respectively. Eisentraut (loc. cit.) states that the lesser horseshoe 


ody | 
R. htpposideros, like the smaller European Verspertilionidae, select Diptera 


| the smaller Lepidoptera. 
few records provide useful indications of the 


oncerning American bats only a ft 
1925) found the remains of 
ath a roost of the California 


Poole (1932) mentions 


» sphinx moths averaging 77 mm.w ingspre ad. bens 
Phyvllostomidae). 


T M acrotus californic LS 
(Nezara, length probably about 16 mm.) 


f-nosed bat, i 
small mosquito and a stink bug 
tl tomach of a hoary bat, Lasiurus cinereus Vespe rtilionidae). From the 
lus) shot while feeding, Harper (1927) 


th of a Seminole bat (Lasiurus semine 
re ered a green fly (Chlorotabanus crep laris, body length about 14 mm. 
Stone, 1938). Orr (1954) lists several insects taken by Antrozous pallidus, but 
this species is known to catch Jerusalem crickets and probably other insects on 
the ground and it is not possible to detern ne which of the species listed by Orr 
re caught on the wing 
Insects taken from bats collected to study feeding efficiency.—During 1953 and 
1954 I bats were collected by shooting Dy means of trammel nets, or by 
ng at roosts shortly after they had returned from feeding. In each case the 
ght of the bat and its stomach were recorded, together with the elapsed time 
the first emergence of the spe from its roost (usually observed on the 
same night, otherwise within a day or two). This time will be called for conven- 
the ‘‘feeding period,” although it is of course a maximum time available 





inutes elapse between the appearance 


m stomach to the intestine 


t and last bats. Also, the passag of food fro 
accumulation listed below are 


wr feeding. since at manv roosts 20 to 301 


so that the rates of food 
not observed at their roosts, but 


has been neglected 
The Pipistrellus and Lasiurus were 

1e of emergence is unlikely to have differed substantially from the other 
evenings insects were also trapped to aid in identifying the 
mains from the bat stomachs. Most of the bats were collected near 
Massachusetts, but some of the records were obtained near Concord, 
Ithaca, New York; and the 


the roosts before 





or Tyringham, Massachusetts; 
1 ] T were collected at 


Several bats 
| had completely empty stomachs. 


vorable conditions within 


' ‘ ; 
kee Swamp, Georgia 


9 


r flights commenced and 


ire known to fill their stomachs under fa 


Since bats : 
a quarter to a half hour after their emergence from the roost (Poulton, 1929; 
Hamilton, 1930) particular attention was paid to the first few minutes of the 
feeding period. While the bulk of a bat’s ston 
finely chewed for identification, the weight of stomach contents accumulated per 


t capture, while the occa- 


1ach contents consists of food too 


unit time gives an indication of the bulk rate of insect 
sional identifiable fragment indicates at least some of the types of insect taken. 
Since identification is more likely when the insect is large or has hard parts in its 
exoskeleton, a list of types identified gives a biased impression of the actual food 
since the small soft-bodied insects will be much less likely to be recognized. 
Despite these limitations the results of this collecting program indicate limits to 


the range of sizes and numbers of insects captured by the species of bats studied. 
M yotis lucifugus, the common little brown bat, provided the bulk of the data; 
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ry) 


out of 68 of these bats collected, 33 stomachs contained fragments that could be 
identified as belonging to the orders Coleoptera, Trichoptera, Lepidoptera, 
Hymenoptera, and Diptera. The identified beetles (Elateridae) ranged from 5 


to 8 mm. body length and 10 to 12 mm. wingspread. An ichneumonid, Crema 





sp., had a body length of 8 mm. and a wingspread of 11 mm. Among the Cl 
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I orealis, « vt yn one or 9 moth of th 
Pr i we ele) | tes ) the os} 1 of this mi ) 
Dod n ! 1 I I Anotl eve n { l ) 
/ car l larg ( ingspread « tl m suted | 
f li ed porch scre wr. EY : that th 
rally d ths f tort, ] 
pol ut OU 
( - ) 4 1Q5 r ) 
( th 1a au Py wi \ 1 l ! 
t aod 
read 14 
| l Oo f ip el tat l Con Vi 
) J lO Lug é 195 f 2 112 mim eedin ( r} 
9 wed from 8.3 19 gran ( were young of tl O 
had an emp 28 minutes, but another had cap 
ins¢ eedil of 3 nut he erage rate o 
] ( id tl wit r pt sto ( > oral y; | 
the single adult Ep had accumulated food at t wwe rate of 2.7 g 
} Or ded bro | ( ( vas shot ¢ 2: 
minutes Uf du I hich time it had accumulat U.o grams oF insect 
Most impressive of all were two Pipistre collected Mashpee 
Massachust on Aug +t and 5, 1953. Th t eighed 5.3 a 6.7 | 
and they had a imulated 1.4 gran id 1.7 g respec lv in 5VU 
of feeding tim« 
In iate August, 1954, severai red pats L IStUTUS VOTE Wis were ODSe@I ed l! tne 
bright lights of a miniature golf course at Falmouth, Massachusetts, feeding 
actively on moths, beetles and other insects attracted to the lights. These bat 


did not appear in numbers at the lights until about an hour after dark; thei 





feeding period was eviden 


spent elsewhere. On some 1 ghts sIx to ten could be 
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of each other: sometimes two to four bats 


three occasions bats flying rela- 
iddenly to dart towards and e; pture a moth 


point where the bat began 


at flying vere frequently observed: 


ipts would be ma le. Once two bats made 


moth; only to have 
med ce] ir that when ons bat actin 


< I 


ely pur- 
irom several yards distance and joined in 


th se red bat followed : 


pattern vener- 


cus by Griffin (1953). This char 


ound pattern oli a feeding pat may | ive served to attract the othe rs 
r I indar nsect prese! vas tl dult f th rmy worm, P idaletia 
id th the bat ¢ j yr ( hi species was confirmed 
I ( ng dropps 1 I } g The a erage vingspread of 
of these 1 h 16 mi 
U 5.0 g ms I ei 7. ? ) not on the outskirts of the 
( ~ p, Georgia on M 41, 1954, after 20 minutes of feeding 
I imulated 0.5 gra fs it 
stances in which bats we early | ng a successful early feeding 
I l rized Table l it evident that rates of accumulation 
yne to two g yer hour are regu t ed by these bats under favorable 
The ites of I | used to estimate the number 
ptured per 1 time. Such estimates, however, require 
I C10 ) O S10 igment tron the stomach contents but 
tati : es of the prop m of the tot itch that was contributed 
( cl e. Since o ery sma ira yn of the stomach contents 
reductio ) an unidentifiable “‘souy such assumptions cannot for the 
) re tl 1 rough approx For example Myotis lucifugus was 
S i ects ranging in size fro Vet ) vith a weight of 0.2 mg 
t h eign ig approximately 15 mg. The typical hourly catch of one gram 
( iccessti VU jot might the oret i consist of 5000 V etr cnemus or 67 
é eighing 15 mg., or any intermediate mixture. Whil neither of these 
{ ( emes 18 LKe It seen probat le [Ol Vy { that Small insects weighing 
wwout one milligram predominate. Otherwis« large chitinous pieces would have 
been found in the stomach contents 
If we assume, rather conservati ely, that the one gram hourly catch consists 
on 1 average ol isects weighing two mi ligrams, we arrive at an estimate ol 
500 individual insects 


captured pet 


seconds Even the improbably high ngure ol 


insects captured leads to an estimats 
seconds 
mnsideration should be given to th 


through dense swarms of small insects 


hour, or approximately one every seven 


10 mg. for the a erage size of the 


oft 100 catches pel hour, or one every 36 


e possibility that these bats feed by flying 


such as chironomids) with their mouths 
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TABLE 1.—Rates of insect capture attained by feeding bats. Only the more 


successful feede are tm led 
; Bo ‘same | 2 
+ veiz conte 

My l fu Adu 8 15 1.0 
MV yot f Adt 8.2 70 1.3 
MU yot Adult 8.2 70 1.0 ) 
VU yot i Adult 5.5 95 im 7 
Average of 4 lt Myot icuf 7.5 70 1.1 0 
E pte Youn 8.8 62 1.0 
Evt f Young .0 112 5 
Ep Your 8 65 0.7 ).7 
Ent Yo R f f 0) 
E pt Young 8. f 60 0.6 df 
Ept Young 7.6 ) 5 ).§ 
Ept Yo ) tf 
Ep Young 12.8 25 0.5 
I } 9 
E f } g S 0.7 

rag 10 vo } 9 F 0.8 
Ent Adi 8.9 8) t.0 
l Ad 8.7 2 0.5 
P \ 1.7 
| r Ad , 
open, catching insects only by chance in a sort of filter feeding process. In M 
lucifugus, however, the area of the open mouth is only about one square centi 


meter, and at a typical flight velocity of five meters per second the volum: 
filtered would be about 1800 liters per hour. If the average weight of the insects 
were 2 mg., the average density would have to be 0.28 per liter (one in every 
3.6 liters). Smaller insects such as Metriocnemu actually found in the moutl 
a Myotis would have to occur at average densities of 2.8 per liter (one every 0.36 
liters). Such densities are possible in swarms, but only during a small fraction of 
its feeding period could a bat possibly be flying through dense swarms even if 
these were selectively sought out. Even if one assumed that a bat flew through 
dense swarms as much as one tenth of the feeding period, the insect densities 
would have to be ten times the figures mentioned above in order to account for 
the actual rates of food accumulation on a random basis. Hence most of the prey 
must be secured by a selective pursuit of individual insects 

It is next necessary to inquire whether perceptible amounts of sound energy 
would be returned to a bat from such small insects as those captured by M yotis. 
To answer this question one would ideally wish to know: (1) the intensity of 
sound emitted by the bat, which can be taken as about 100 dynes/cm? (Griffin, 
1950); (2) the distance from bat to insect: and (3) the proportion of the sound 
striking the insect which is reflected or scattered back towards the bat 

Over distances at which most insects are probably detected it is approximately) 
true that the energy decreases as the square of the distance, both as the sound 


travels towards the insect and as the echo returns to the bat. Since energy is pro 














iug., 1956 GOULD—FEEDING EFFICIENCY OF BATS 105 


portional to the square of the sound pressure, the pressure of the returning echo 
should vary as the square of the distance from the bat to its insect target. On 
this basis one could theoretically calculate the sound pressures of the echo reach- 
ing a bat’s ears; but a further complication arises because the smaller insects, at 
east 1ave dimensions comparabl to the wave length of the sound emitted by 
e bat. This results in an extremely complicated, sometimes periodic, relation- 
ship between target size and the proportion of the incident sound returning to the 
an echo (Beranek, 1949, Fig. 313). Any detailed consideration of these 


3 
is beyol d the scope of this paper, but two important elementary points 
° 1 


re stent with the assumption that echoes from insects would be audible to 
| f the smallest inst ‘ts that are ki wn to be captured V etriocne MUS have 
ngspreads of about 3 mm. This dimension is approximately equal to the 
velengths occuring at the beginning of the pulses that have been de- 
t 1 I n t} Ss speci on OCCASIOI Che typical nitial Irequency of! V jotis 
about 80 ke., corresponding to ; ielength of 4.3 mm. But when a 

sp effort was made to search for higher frequencies still earlier in the pulses 
( umplitude as picked up by th« rophones) frequencies as high as 

20 ke. were recorded (Griffin, 1950). Th elength of 120 ke. sound is 2.9 mn 
\ pid decline in the energy scat » the bat will occur only when 
g d eter I ve ow ol ( etl Further ore it is well known 

easily detect 1 as 0.5 mm. in diameter (Griffin 

( bos. 1941). Hence it holly reasonable to assume that echoes from 
sects would be detectable by Myotis, although more detailed analytical 
vould be necessary to learn the effective range at which such small tar- 

g le ed 

\ 1 type of evidence that bats could tu y hear echoes from insects has 
een obtained from preliminary experiments carried out with Dr. 
Griffin in which a bat was held in the hand and induced to emit pulses of high 
sound directed toward an actual insect impaled on the end of a fine 
Close beside the bat was placed the condenser microphone used to pick up 
the sound, but the microphone was also pointed towards the insect. Oscillo- 


grap! records ol echoes from the pulses e! itted DY V Jot1s lucifugus could be 
obtained from moths such as cecropla Platysamia cecropia) and the common 10, 
1utomeris to) at a distance from the bat to mi rophone of 50 em. Some echoes 


vere detectable at 50 cm. from a fluttering moth of the army worm, Pseudaletia 


j 


intpuncta ha ing a wingspread of 35 mn With the apparatus used, the mini- 
mum detectable sound pressure is far above the threshold of hearing of bats, if 
we assume that at frequencies of about 50 ke. they have a threshold equal to 
that of the human ear at 1 to 3 ke. The echoes that the apparatus could detect 
at 50 em. must therefore be audible to the bats at considerably greater distances; 


and smaller insects at 50 cm. or less must also reflect echoes audible to the bat 
SUMMARY 


An analysis has been made of the insects captured by bats on the wing, based 


both on a survey of published records and a program of collecting bats to analyze 
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the contents of their digestive tracts. Special attention was paid to the sizes of 





the insects and to the rates at which insects are caught; and this data is discussed H 
in relation to the hypothesis advanced by Griffin that insects are located and 
captured by means of the bats’ high frequency sounds : 
The insects actually identified ranged in size from a 0.2 milligram Metriocnem 7 
found in the mouth of a Myotis lucifugus to sphinx moths averaging 77 mm I 
wingspread reported by Huey to be captured by the California leaf-nosed bat } 
Macrotus californic is. Even with the single spe ‘ies Myotis lucifug is the size ot 
insect prey ranges from Metriocnem with a wingspread of 3 mm. to beetles of 
the family Elateridae with wingspreads of 10-12 mm. 
The rate at which bats fill their stomachs after the beginning of their evenin , 





flight indicates an impressive efficiency in catching insects. One gram per 


is not an uncommon rate in Myotis lucifuqus. Maximum rates recorded we! 





1 
2.7 grams per hour for Eptesicus fuscus and 3.3 grams per hour for Pipistrell 

bila 

Making conse! 1 i imption regardi yr 1 rage size or th nse 
capture | r\ uch species as VU 4 lucif 7 tL can he sho vn that a randon pro | 
ess akin to filter feeding cannot possibly account for these rates of catching 
sect It is therefore probable that ind dual insects are located, pursued, a 
captured at rates of the order of one every few seconds 

7 ' . | 

Che sizes of the insects are iu CASt nearly equal to, or greate th ( 

: , , , 1 ’ | 
wavelength of the sounds emitted by bats that catch them. Oscillograph 
recoras oft echoes ot bat sounds irom insects at 5O e1 have been obta ned 
ther is good reason to belie’ such echoe uid be audible to the pats The 
, } | reseed is therefore con tant ith +} henntl hat fly . 
evidence discussed 1s therefore consist« vith the hypothesis that flying ins 
i capntu echolor t1o 
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cords one which was found hanging in a black acacia tree; Stephens (1906) lists 
a signboard and a tunnel as roosting sites; Howell (1920a, b) records several old 
buildings (either stone or wood) as roosts; Krutzsch (1943, 1945) and Dalquest 
(1946) report having found them in crevices in rocks; and we have one taken 
from under a window awning of an office building; and another from an inspec- 
tion tunnel in a dam. 

It seems likely that before the presence of man Eumops was chiefly a crevice 
dweller. Resting places in buildings are in cracks and narrow spaces. Perhaps 
rock crevices (where available) are preferred; in the San Diego area the only 
permanent colonies discovered were situated in such places. Other observers 
(verbal communication) record colonies in similar crevices near McKitrick 
(Iban MecMilland) and near Bakersfield (Karl Koford), Kern County, California. 
The mastiff bat has been found roosting singly, but normally it is colonial. 
Colonies are small. Howell (1920a) considered 20 individuals a large number 
although he found as many as 70 bats in a single diurnal roost. A colony 144 
miles north of Barrett Junction, San Diego County, California, varied in popu- 
lation from year to year; a high of 60 individuals was noted in July, 1937 and a 
low of five individuals in July, 1948. Permanent roosting places in which condi- 
tions allow a “take-off” drop of 20 to 25 feet seem to be preferred. Nevertheless, 
there are records of bats utilizing temporary retreats that are but a few feet from 
the ground. Howell (op. cit.) was firmly convinced of the necessity for a long drop 
in order to allow the bats to “‘take-off,” and he searched for Eumops only where 
such conditions existed. Howell remarked that he had often dropped bats from 
as high as he could reach from a standing position on a chair and had caught bats 
dropped to him from 30 feet above; in each instance these individuals refused to 
flutter and only opened their wings to break their fall to the ground. He also 
noted that these reactions were similar in warm or in cold weather. Howell was 
further impressed with a series of observations in which bats were found dead, 
presumably because of their inability to take flight from low roosting places. 

It is clear to me from my own observations and those of Little (1920) that 
although these bats do prefer space for launching themselves into flight, they are 
capable of taking wing from a short distance above or from the surface of the 
ground. Experiments of the following type indicate that a confining quarter 
(lack of room for turning in flight) possibly is more restrictive to successful flight 
than is a minimum launching height. An individual released on the top of a 
laboratory table, 244 feet above the floor, was able to take flight. The bat as- 
sumed a spread wing position. Wings were held almost fully open, feet spread 
wide. It raised and lowered its body in a series of pumping movements, each a 
little stronger than the next. Finally, it jumped into the air. A few full beats of 
its wings carried it the length of the 30-foot room; unable to turn, it flew head- 
long into the wall and dropped to the floor. Other bats were released under simi- 
lar conditions, but none attempted to fly. Other experiments to determine mini- 
mum launching height were attempted. Most of these were unsuccessful. One 
bat flew when dropped from six feet in the air. Another was thrown eight or ten 


feet into the air and flew; others released in a like manner did not. All captive 
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animals were newly taken and uninjured. None remained in the laboratory more 
than 48 hours, and all were thought normal in vigor. That there is a marked re- 
luctance to attempt flight is obvious; the reason for this reluctance is not known 
I 


is presumed to be due to a need for adequate launching height and flight 
space. 


Diurnal roosting places may be occupied temporarily and infrequently; others 


apparently are favored and are regularly inhabited. The temporarily occupied 
localities are not marked by accumulated droppings and urine, characters com- 
T 


mon to long and habitually used retreats. Most temporary hiding places are 
visited by single individuals and possibly these animals are strays from some 
nearby colony. A regularly occupied roost in a vertical crack in a granite cliff, 
114 miles north of Barrett Junction was located in 1935 and observations on its 
occupants provide most of the data in this account. The Barrett Junction region 
is in the western foothills of San Diego County and is Upper Sonoran in charac- 
ter. The steep hillsides are marked by numerous granite outcroppings and are 
vegetated chiefly with chaparral (Ceanothus and Adenostoma) and scattered live 


oak (Quercus agrifolia). The valley floor is narrow, and Cottonwood Creek, a 


small permanent stream, provides moisture for a linear forest of willow (Salix), 
sveamore (Platanus). live oak and cottonwoods Populus . The colonv site has 
been visited at intervals in each of the years 1935 to 1943 and again in 1946, 


1948, 1949, 1951, and 1953. Most visits were made in the spring, summer and 


The bats roosted in each of three large cracks in a granite cliff. Roost- 


ing places selected in these cracks were never less than 15 feet above the ground. 
The crack in which the bats were originally located is a vertical break in the 
granite cliff approximately 18 inches wide at the bottom and narrowing at the 


top, 20 feet abov e,toa width of three inches. This crevice extends into the rock 


for a distance greater than ten feet. Tv 


o other fractures in the same cliff, sepa- 


rated from each other by 30 feet, were used as alternate roosting places. These 


fissures are at an angle of 45 degrees from the vertical. The larger is 20 feet long 


nd six inches wide at its widest point and the smaller is 10 feet long and four 


inches wide at its widest point. Bats were taken at one time or another in all 
i 


cracks. No preference between 


thre vertical and horizontal openings was noted; 


vere used indiscriminately. Other shallow crevices in the same cliff were never 
occupied. These openings were thought unsuitable to mastiff bats because they 


extended only a foot or two inside the cliff. The crevices that were utilized were 


inhabited during the months of April through October, and populations were 


greatest in June, July, and August. The number of individuals in the main roost 
sat al 


ried from day to day, and on occasion a crevice would be deserted by all ex- 
cept the young. In such a case the adult bats usually could be located in one or 
frequently both of the other crevices. In the season when young were still unable 
to fly the bats always returned within 24 hours to the crevice harboring the 
babies. After the young were independent of the adults the colony often shifted 
from one site on the cliff to another without apparent provocation. Such shifting 
to alternate roosts is a behavior common to many species of bats, and has been 
commented upon by several authors: Orr (1954) for Antrozous, Pearson, Koford 





110 JOURNAL OF MAMMALOGY Ve 


and Pearson (1952) for Corynorhinus. and Ryberg (1947) for various spe 
bats in northern Europe. 
The bats usually hang head downward with the entire body in conta t with the 


substrate. Howell (1920a) found that the bats hung in horizontal rows or singl) 


AL 4 
in a crevice with the body vertical and braced against bent wings. We found th 
less symmetrically arranged but always flat against the face of the rock upor 

pats are vapable ¢ iwlers and are able to move ery 


yack up and go forward equally well. Wing fold 





ly, and bats u their radii to pull themselves fo The 
i tee! rgans, p larly whe tl I 
t the long hairs of the toes seem to be tactil 
explore to the rea th their feet, touching her 1 there in seat 
nath Litt 1920 d rm l th I itched. st 
t WY ert 8) ts up I r th 100 
H ( th | r y } y 
+} he ‘ +} ) ) ) } t ‘: t 
y , th «a o rh ] tion o } 
5 I ) ) ( h B t J ) ) conti ol 
: : ter d indicated : ( 
h ( i] rn} Lipp i eo) I ‘ ( “i p 
eath ynd B he ¢ 
r ( oted 1 I I H 1 th I 
l I é S ( 10:00 
() og r ud } ed r int 
eC ) Nn 1s 9 
I ( TI squ 
7 ! j i ul \ 
| } S | iM) 1 j ' T 
lit chit This period of quit ; 
int i ome ute suns i t 
B Ls ¢ rved Ol comple di ( rh Late Mu 
ite ljoining the p ertical Cl { 
a oO th I Bats er ed 1 ul eas ( tn ror 
them ( nto flig The 1 e-0 va\ iD red 
steeply, wings only half open. The air pressure against the venti 
Wing membrane appeared to aid the bat ] iul spreading the 
dist ice dropped seemed to vary with individual but 1 was usual ro 
10 feet. In full flight the wing beats were strong and even. Bats roo : { 
horizontal cracks dropped directly from the rock w into the : WI 


nightly exodus fron the roost began. just prior to launching thems p 


flight, the bats usually uttered a series of loud, sl 





coming airborne the bats would often continue this call. Bats I 
vals of several minutes. On one occasion the first bat left at 7:25 pm. Seven others 
} 


followed at 14 minute intervals. At 9:00 pm all bats had departed 
Howell { 1920a found that pats le a their roost 


ite dusk and that the evening 
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ight lasted for only three quarters of an hour. This he presumed was followed 
‘ another flight just prior to dawn. I hav conversed with other observ rs that 
have netted these bats at desert water holes Cockrum near Tuscon) or watched 
them emerge from their diurnal roosting places (Koford near Bakersfield) and 
each mentioned that the bats appeared only after darkness. tepeated observa- 
tions of the evening exodus at the Barrett Junction roost indicated that the bats 

‘emerged only after complete darkns 


ss. Here we are 1n agreement with 
ther workers. However, we disagree wit} Howell (loc. cit.) as concerns the 


ty of the foraging time. On numerous « casions a vigil was kept from sun- 
and early darkness (with exodus seen and heard) until near midnight and 
islon were bats recorded 1 rning to the roost by midnight. Bats must 
f hour. alt} ic} ortunatel, itch was not co tinued until 
to det th lal en he foraging flight. The fact that bats are 
P P during the forenoon n ay indicate that they forage 
perhaps un ust prior to dawr 
apparently feeds on ins Droppings collected from beneath their 
I p es cont cl ) I part ho er, these are so finely mas- 
‘ 9 1, , ‘ ; nD es of vespe rtilionid bats 
; is do not } { u ccaslt I retire to resting places 
th ( roo irse of their evening foraging. At 
‘ T Aner ‘ ( ‘ during Dees hye 1889. } ( 
ee Grin 1918 bat from its resting place on a 
door. He lected 1 thers in the ime month; both wer. found 
vation All bats were captur 1 about 8:00 or 9:00 pm: it IS possibl. 
re u op nporary night resting sites. 
| { { wn le f this species remain together 
the vear. How: 1920a found males and females in the sams 
roosting places even just p1 to the birth of the young. Howell (loc. cit. 
’ ] lults of the t SF a ter and spring, and I have records 
nature for spring. su 1 early fall. Little is known of the early 
e bel of Eumops p but data available suggest that sperm 
mand insemination take place only in the spring as is characteristic for 
7 ocephala (Sherman. 1937 nd Tadarida mexicana (Hartman. 1933 
\ tion in the gross size of the testes of adult male bats argues in favor of such 
sp ation. For example, testes of adult males « xamined in April were found to 


be enlarged and were thought to b capable of producing sperm whereas testes 


of adult males taken in late summer were smal] and presumed to be inactive. If 
rease in the gross size of the gland is a valid « riterion for indicating function 


ustological examination was not made) and sperm are not stored in the epi- 
didymis (which is not distended as in the fall breeding species, i.e., Corynorhinus) 
then one can presume that males ar capable of inseminating females only in the 
spring 


i 


Eumops perotis californicus normally has a single young but may have two. 
There is evidence that the date of parturition varies considerably. For example, 
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Iban McMillan found females with hairless young, and pregnant females on the 
same date in the colony at the Twisselman Ranch near McKitrick. As regards 
the Barrett Junction colony the following observations are available. On July 18, 
1937, young of several sizes were found in the colony. Variation in size of young 
was again recorded on July 29, 1938. On this date two immature males were 
collected: one was nearly hairless and tiny and the other was furred and two- 
thirds grown. Such variation in development of young presumably is due to vari- 
ation in the date of copulation; however, if copulation occurs in the fall and de- 
layed fertilization is true then the variation in the development of young in a 
single colony is probably the result of differences in time of ovulation. 

Young are born in the majority of cases by early July. The following observa- 
tions on bats taken from the Barrett Junction colony are of interest. A female 
collected on April 5, 1941, was kept in captivity for six days; it refused food and 
grew weak. On April 10 the bat gave birth prematurely to a 20 mm. (crown-rump 
length = C.R.L.) embryo. On the following day, when preparing the mother as 
a specimen, a 15 mm. (C.R.L.) embryo was removed from the left horn of the 
uterus; the right horn was enlarged and presumably had contained the pre- 
viously aborted baby. Four females were collected on April 6, 1939; each con- 
tained a single 18 mm. (C.R.L.) embryo. Data in regard to number and size of 
young and date of parturition are available from other places in California. On 
June 14, 1945, Dalquest and Benson (field notes and specimen labels) collected 
a series of Eumops at Silver Creek, 744 miles southeast of Panoche, San Benito 
County, California; most of these bats were pregnant females each with a single 
embryo. According to data on the specimen labels their embryos ranged in 
crown-rump length from 33 to 42 mm. Howell (1920a) collected 13 adult females 
near Covina, Los Angeles County, California on April 15; each bat contained a 
single 19 mm. (C.R.L.) embryo. Howell (loc. cit.) also records two pregnant fe 
males obtained at Azusa, Los Angeles County on May 31. One of these partu 
riated a large, dull black baby on June 30. The earliest date that young wer 
found in the Barrett Junction colony was June 29, 1938; the smallest of these was 
about one-third grown. Five juveniles were found on July 18, 1939; four wer 
large, almost capable of flight, while the fifth was very small, naked, and with 
eyes yet unopened. On July 19, 1936, a single, very small, nearly naked young 
was found at the foot of the vertical crack. On August 6, 1941, an adult male and 
an immature female capable of flight were collected. A recently lactating female 
with milk still in the mammae and a nearly adult-sized young were obtained on 
August 29, 1943. On June 16, Howell and Little (1924) located 25 young bats 
varying from individuals which they judged to be about one week old to those 
three weeks or more in age. These young were found in the attic of a three story 
house near Covina, Los Angeles County. These data indicate that the reproduc 
tive season probably extends from March until early July, a period of approxi- 
mately 125 days. 

Eptesicus fuscus, Tadarida mexicana (Howell, 1920b) and Tadarida femor- 
osacca (Krutzsch, 1945) may be found in the same attic or crevice in the rock 


with Eumops perotis but they roost separately from one another. Dalquest 
(1946) reported four other species (Myotis subulatus, Myotis thysanodes, 
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Pipistrellus hesperus, and Tadarida mexicana) within 100 feet of the roosting site 
of a mastiff bat. At the Barrett Junction colony Eumops and Eptesicus fuscus and 
later Eumops and Tadarida mexicana were found utilizing separate roosting 
places in the larger of the two alternate crevices. The smaller bats were in the 
narrow, peripheral portion of the lower end of the crevice, and the Eumops occu- 
pied the wide central portion. Four additional species of bats (Pipistrellus 
hesperus, Myotis subulatus, Myotis yumanensis, and Myotis californicus) were 
taken from tiny crevices in this granite cliff. Eumops perotis, like other molossids, 
has an extremely strong and penetrating odor which might well serve in attract- 
ing bats of other species as well as those of their own kind to the vicinity of a 
roost 

Howell (1920a) makes note of a gland located on the ventral throat surface. 
He points out its prominence in males and further indicates that it is particularly 
noticeable when they are sexually most active; presumably this gland secretes a 
substance which serves in attracting females of the species. In a later paper 
Howell and Little (1924) report the presence of this gland on a small juvenile 
female, but remark on its absence in the case « 


f an adult female. They concluded 
that the gland may have originally been present in both sexes, not merely a 
secondary sexual character of the male. I have found this gland present and ex- 
ternally visible in both sexes. On young bats, particularly those that are almost 
naked, it is conspicuous as a small swelling slightly cephalad to the sternum. On 
adult males the gland is enlarged and apparently functional during the months 
October through May. Its position is easily marked in the male bats by a thick, 
oily, greyish-white secretion which accumulates at the external opening. Although 
not as easily located in the adult female, it can be found. 

Eumops perotis californicus is apparently resident in southwestern California. 


I have records of its occurrence in all months (except January and December) in 
San Diego County, and Howell (1920a), Howell and Little (1924), and Von 


3locker (1932) have records from Los Angeles and San Bernardino counties that 


exclude only January, August, and September. The mastiff bat is apparently 
absent in winter from its summer roosting place, 14 miles north of Barrett Junc- 
tion. This is likewise true of a colony located by Iban McMillan in a rock crevice 
on the Carl Twisselman Ranch, near McKittrick, Kern County, California. 
Mr. MeMillan told me that bats were present in the early summer but absent in 
October. Perhaps there is a winter scattering, probably due to the unprotected 
nature of the crevice, to places not normally inhabited in summer. Possibly such 

vinter dispersal accounts for the presence of two individuals, one taken by 
C. B. Perkins in San Diego on January 11 and the other, also in San Diego, on 
November 21 by M. Sheppard. 

Howell (1920a) pointed out that these bats can become torpid for short periods 
during inclement weather and thus, by minimizing their need for food, escape 
starvation. On the other hand, Howell (op. cit.) indicates that mastiffs forage 
during winter when the weather is suitable. He found one in mid-February, when 
when there was a skim of ice every night, roosting in an old packing house near 
Covina, Los Angeles County for three days. Howell (op. cit.) also speaks of often 
seeing them vibrate their body while hanging up; this might possibly be a re- 
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action for increasing body temperature. Individuals that I placed in a refrigerator 
set at 50°F quickly became dormant and remained inactive until aroused upon 
their removal to higher temperatures 10 days later. The arousal of these refrig- 


erated individuals included a period of rapid shivering, followed by movements 
of the extremities that gradually accelerated to normal activity. 

Two specimens of mastiff bats obtained during the summer of 1946 were 
examined for ectoparasites. One individual harbored several of the polyctenids, 
Hesperoctenes eumops. These ectoparasites were found equally often on the mem- 
branes and furred parts 

I have no record of vertebrates preying on Eumops. It seems logical to assume 
because of its size, strength, and late hour of foraging that this species is relatively 
free from predation. Mummified bodies of Eumops were found in and below the 
crevices we observed and have been found in most roosts described by other 
workers (Howell, 1920a; Dalquest, 1946). Perhaps this is indicative of a periph- 
eral population or as Howell (loc. cit.) puts it, “the genus is a tropical one, and 
our species seems rather hard put... to survive.” 

There are two normal pelage colors (gray and brownish-gray) which apparently 
are found equally often in either sex; however 
tion in the older individuals. An adult ma 
taken on November 23, 1938, at Los Ang 


i there is more brown pigmenta- 
No. 4538 Los Angeles Museun 
‘les, Los Angeles Couhty, Californi 
entirely black. This is the only melanistic individual I hay 





‘e examined. 
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THE GEOGRAPHICAL AND ECOLOGICAL DISTRIBUTION OF 
COTTONTAIL RABBITS IN MASSACHUSETTS 


By Francis H. Fay ann Epwin H. CHANDLER 


The Commonwealth of Massachusetts is an 8000 square-mile area of rolling 
the transitional zone of southern New England with elevations ranging 
level in the east t ore tl 2000 feet in the Berkshire Hills of the 
| soils are relat y poor for agricultural purposes, more 
irds the st is woodland i rious stages of secondary succes- 
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I .eads of more than 900 rabbits were collected in a statewide series. The 
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Identification wa based almost entirely o cranial characters, viz 
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pal ne squamosal, while ansitionalis has no supraorbital, and its slender 


postorbital tapers to a point that is free from the squamosal. In a few cases in 


which skuils were badly smashed, the pattern ol the head pelage helped to con 


firm identification. In practice the pelage of all heads was examined for the pres- 
ence or absence of certain characters. e es the black spot between transitionalis’ 


rs was 100 per cent consistent, while the white spot on floridanus’ forehead 
is present on less than 50 per cent of that species and in some instances was 


represented by only two or three white hairs (Fig. 1). Ear shape and pelagination 
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were quite characteristic as follows: transitionalis, heavily furred inside, anterior | 
outer border black, posterior inner border ochraceous to buffy, shape appears 
short and rounded; floridanus, sparsely furred inside, anterior outer border 
brown, posterior inner border pale buffy to white, shape appears long and 


T 
I 
slightly pointed. The apparent difference in ear length is real but is not statis 


tically significant. It is partly an illusion caused by the thick pelage and smaller 
average ear length-width ratio of transitionalis (transitionalis, 1.47 + .06: 
floridanus, 1.54 + .08 

It is well established that rabbits from other parts of the United States have 
been widely introduced into Massachusetts within the past thirty years (possibly 
S. f. alacer, similis, and mearnst), though the majority of whole floridanus car 
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The collections of island forms of floridanu showed a surprising consistency 
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of the first area was crop and pastureland, and almost half the second was over- 

grown fields, the remainder of both being brush and woodland. ru 

White pine-red pine forest.—More than half the state is included in this trai stit 

sitional forest which is principally characterized by the presence of eastern white acl 
D 


pine strobus) and/or red pine (P. resinosa) making up 50 per cent or more 


of the forest composition. The principal accompanying tree species are red mapl 





icer rubrum), red oak (Q. borealis), and gray birch (Betula papyrifera). In get I 


eral this is a comparatively more dense forest type than the first two and sup e) 
ports little ground vegetation other than hardwood sprouts and a sparse growt!l 
of blueberry and clubmosses (Lycopodium sp.). Approximately 70 per cent of 
the region is forest and wasteland. A small part of the northern sector in Mas 101 
sach tts is occupied by transitionalis alone, while from the major portion wher 
both species occur the number of floridanus specimens exceeded those of trans 
tior y 4:] 
Thi small areas were critically examined for species composition. The first 
300-acre plot, including the urban center of Amherst and the campuses of thi 
University of Massachusetts and Amherst College, was open land with a light 
intersperslo ol brush and smal] woodlots Approximately 25 cottontails wet . 
oposerved ther , al 1 all were floridanu The secon 1, af illy forested area of 100 
acres the central Connecticut Vallev. vielded onlv transitionalis whet 
trap survey was conducted. The third. a 90-acre tract in Upton, W orcester 
County, has ber under close observation by the U1 it and Division of Fisheries 
and Game si! the spring of 1950. Initially, the entire area was composed of 
scrubby woodland and brushy overgrown pasture but in the summer of 1950 
a system of scattered clearings and small food patches was established, totaling 
about six acres. Prior to any land clearing the cottontail population was ident 
fied (by live-trapping) wholly as transitional but a few floridanus were noted 
in th ll of 1950. The proportion of florida continued to increase in the 
trap catch up to 1:1 in the spring of 1953. and it seems to be remaining about i 


constant at that level (J. J. McDonough perso! al communication, Massachu te 


setts Division of Fisheries and Game 


Of ten floridanus specimens collected in the white pine region near the Uni 
Sit M 5S ichusett nine were itimatels assO iated vith open land, and one )} 
was taken in a wooded area. Four transitionalis from the same region were all as I 
sociated with woodland ) 
Northern hardwood forest—Sugar mapl 1. saccharun yellow birch (B. l p 
lea heec} Faqu grand folia and basswood Tilia americana) constitute 50 
pel ! or more of the total forest cove singly or in combination, and easter! 
hemlo T iga canadensis) is the principa conifer. Throughout much of the | 
high ground of the Berkshires and the north-central part of the state this moist fl 
northern forest is predominant. Less than 70 per cent of it is woodland, most ol 
the remainder being pasturage for dairy cattle. Transitionalis alone is pres | : 
in nearly half of this region, while in the remainder the proportion of floridar | 0 
specimens was about 4:1. A 100-acre area of woods and brush in this type Was | , 
surveyed by live-trapping, and the resulting catch was entirely transitional P 
} S 


Spruce-fir fores The highest parts of the Berkshires and north-central se 
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expected that each species would inhibit its own potential increase more tha 
that of the other, and both would therefore continue to exist together (Crombi 

1945). Although spatial competition may interfere with this, there is no obser 
vational evidence that it occurs under natural conditions. Hosley (1942) reported 
that “fighting was the chief cause of failure [of the two species] to breed”? whe 

held in captivity. However we cannot be sure that this was intersp ific intol 
erance rather than mere sexual rejection or a result of artificial overcrowding 
for Dice (1929) found fighting common even among captives of the same sul 


species. 


A pertinent example of reproductive parasitism among mammals is the « 

, 1 7 Pp is f ; 
ination ol Lepu lumidus by L. europa trol t} open biotopes oO! § uther 
Sweden and Scotland to which the latter is well adapted. Since th preeding 

‘ { wT. ; arher thar hat ff ] 1 ] / ] famal 
season OT ¢ Lropae i8 18 earlier than tna ol miduU maies some mid) es 
apparently bear sterile hybrids which eventually results in the complet 
of timidus from the mixed species environment (Udvardy, 1951). ] 
that such a process may also be possible among Massachusetts cottonta I 
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pl y l the spring ve oO! or one if 
1:4 P j bmatad $1 i ] , 
qaition it ha ( a mstrat itn tl vos inte reed 

i evid } i pres ed in the foregoing o occurre ( } 
lr} car or interg! le Sugg | ere 0 lo ~ ot me 
ef ne nd the | re] ito hic! h } hvb . 
: a ; eran th, ‘ ologic 
a 1949 Lhe 
th ( é to co 

f ) ( sit 
< 0 nunt l pl tir ( ( side 
nu D th I ( em ( 
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nel \ [ Vn pelo tf oul I pure l 
Of t ‘ ( sper ‘ ) from tl 
sionif sn rt ou , n } that 1 

ing pressure is g the range of fl tha 
directed at that sp 1 th eem logical to a 

na rement in Massachusetts towards fle is prod O th |e 

; j \ 1 
oO insilional pin VLassachus rus ind \ ) 
, , 
expected tn h it m remel aet ! upo T ~ 
, , 

cation of land clearing methods and patte1 yy ed to the usu 

pI bi ot creating brush reas 
SUMMAR’ 
Massachusetts was formerly inhabited by one species of rabbit, tl 

. ] " ) " j ler sy ++ . ‘ 

England cottontail (Sylvilaqus transitionalis). but since 1900 about three-io 
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has been invaded bv sul p s of S. floridany In an apparent re 
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OBSERVATIONS ON YOUNG BLACKFISH, GLOBICEPHALA 
By ANDREW STARRETT AND PRISCILLA STARRET1 


There is a paucity of information concerning the early life of whales, par 


New 


yy major forest types in the United 


T) 


larly of odontocetes. The recent paper by McBride and Kritzler (1951) on preg 


nancy, birth, and early development in captive bottlenose dolphins, T 


truncatus, at Marine St idios, Florida, give the only detailed account ol 


nart of the odontocete life. It is, therefore, thought that the following obse1 


tions may be of some value and interest. They ere made on Nantucket Is 


Nantucket County, Massachusetts, during the spring of 1954. All compari 


with Turs ops made in this paper are ba l on the aterial present 
reference already cited 
The first observations were made in the early afternoon of May 19 
beach Ul uth end o Humm< Po the s hwest oe in s 
tucke vhet school of blackfish. Globicenhal« e into ew fro 
Th ve ch to shol d. through 7 5 ilar ve ‘ 
i | i t bl O I | 5 pot 

schoo Ovi ( leisurely, individuals t seconds t 
the time the hea ro water until the san 1. Thes ; 
rather drawn ot ul ed to p ( qual ( 
After the first animals had reached a point to tl hwest of us, at 
south « Surfside. t ed aro int the entir school had 1 
th head soutl out to s Ti t} neriod } 
e set m ig lirectio ! t} sc} 1 up. Althoug 
as twenty vh le were visible t one time, a ve! conservative esti 
size of the school at around forty to hity The length of time they 
prot ably close to half an hour, made it possible to set up a spotting 
tripod for a closer | 0 Quit often an in lividu vher bre iking - 4 
show the whole top of the snout, but only occasionally did the flukes 
of tl > Surlace Through the 35-p wer opjective ien ol tl telescope 


apparent that there were young individuals in the school. They appeared 
from one-fourth to one-third the size of the adults and invariably on 
seen accompanying an adult, the two rolling almost together. The you 
fish had more sharpl; pointed dorsal fins and appeared to be lighte1 


} 


than the adults. The junior author, who had the best look at a young 


that came almost completely clear of the water, noted that it looked gray in 


1 } 


of black. That the young were probably suckling was indicated by the fact 


occasionally an adult was seen to roll on its side, showing the characteristi 


COLO! 
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Tha 
ng 
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l flipper This Is the position assumed by the 1¢ male Tu SLOpPS at Marine 
ring the first two weeks ol suckli 


ng. On several such occasions, a young 


pe 

sh was seen to roll near the adult, presumably having nursed and now 
or a breath It may well be that the slow speed at which the school 
ng young, since the young Tw 


elling was due to the presence ol suckh 


| by McBride and Kritzler nursed while the mothers were slowls 


although they yere othe rwise able TO keep pace with their mothers 


peed. Of additional interest is the fact that this school was seen during 


since there is considerable evidence which indicates that blackfish are 
octurnal (fide Kritzler, op. cit.: 321-334, 1952). The reasons for day 
ti Globu phata are ul ( ilthough it is possible that the pres- 
oung animals in the school may have influenced their behavior 
bservations on a young blackfish were made possible when, on May 
ithors found a female and wing of this species washed up 
} Point, about 500 vards from the end on the Nantucket Sound side. The 
me thirtv vards farthe ut on the point than the adult. That this 
‘ hye tre r eal or hye k fish nd by the presence 
pparently was the plac ling he st reed vaginal 
he adult (Pl. 1). The p s is, of course, fairls 
o gun fire from ail 
} =} ‘ d ed that it 
hes S | fp rition relative to the 
p he basis of comparisor 
9 / ip \ic Bi i\ ed tl the Dp enta Was 
p ( p s | omparison is at al 
l es e | ( I sh. It s not en 
ho ong the ig rif r ined distended in Tw 10s 
the voung 7 ps observed by McBride d Kritzler did 
Seve hours | the young blackfish we examined was 
gr ( US the digestive ti t that little if any milk 
he necess part played by the mother in cetacean nursing 
licate that the mothe died before the young had time to 
he reshness of the baby whale points to the probability that 
( ong na ne pare ( ery DOSSIDIY followed the body 
‘ hed. This ould expla the proximity of the two when found, as it 
ely that the school to which the adult belonged was somewhere 
Atlantic Ocean and not in Nantucket Sound when she was shot. The tides 
ge wihds ottel vash oceanic flotsam onto Sound beaches. In addition 
\ ) Andrews, a Nantucket fisherman who has a comprehensive knowledge 


history of the area, has told us that even the smalle1 porpoises and 


a sare not often seen the Sound area, preterring the deepe oceanic sides 


ial had apparently beet heached shortly before we found it 
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PLATE I 


Adult female blackfish with newborn young on Eel Point, Nantucket Island, Ma Note 


placenta protruding Irom vaginal orifice of adult, and umbilical slit of calf. From Kod 


chrome 


and was sunburned only on the exposed left side. The right side seemed to be 
in good condition as the skin was smooth and completely lacked any blistering 
The color of the young whale, as seen on the good side, was ashy gray, with thin, 
wavy, subsurface black lines showing in various places on the body. No light 
ventral markings such as were seen on the adult were present. In agreement wit! 
the observations on newborn T'ursiops at Marineland was the softness of the fins 
and flukes, the dorsal fin even flopping over to the right as did those of the 7 
slops. Also, as in the bottlenose dolphins the tongue Was fimbriated o1 ruffled 
around the edge and the teeth were not vet erupted, although then positions 
were plainly marked by bumps on the gumline. The teeth, when exposed by 
skeletonization, were conical with recurved tips, and were hollow for about three 
fourths of their length. They ranged in height from nine to fourteen mm., and 
their bases, which were almost paper thin, ranged from four to eight mm. 1 
diameter. It was not noted at the time whether the unpigmented flexure wrinkles 
described on young Tursiops were present, but an examination of kodachromes 
taken when the blackfish were found, shows six more or less evenly spaced lightet 
gray lines on the animal’s good side in much the same positions as those dt 
scribed for Tursiops. No obvious neck constriction was apparent. Unfortunately, 
we did not think to notice at the time whether any hairs were present and the 


photographs do not show enough detail to shed any light on this point In con 


trast to the information recorded for Tursiops, the eves ol the newborn blac! fish 


appeared to be still closed although the lids seemed completely formed 
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Rough measurements were taken on both animals with the aid of a length of 


clothesline. The young whale was then partially skinned, the skull, hyoid appa 


ratus, and entire left limb of the adult removed, and all parts staked out on the 


‘mo s’’ to ske letonize Unfortunately, remo al ol the head ol the adult light 


ene 1e corpse enough so that it washed away on the next tide, making further 
neasurements impossible The skeletal parts ol both animals are now in the 
‘ollection of the Mammal Division, Museum of Zoology, University of Michigan. 


he measurements were all taken in direct lines without following the contours 


the body or the curvature of the appendages. These measurements, in inches, 


for the adult and young, respectively, are as follows: total length from tip of 
uppe aw to center of rear margin of flukes, 174 and 69; from tip of upper jaw 
on of dorsal fin, 54 and 25: length of left flipper from front of insertion 

10 and 17: length of dorsal fin from front of insertion to tip, 33 and 14: 

vidth of left fluke from center of rear margin to tip, 17 and 9. Of interest is the 
SIZ the newborn young roughly two-fifths of that of the adult. The high 
of course. generally characterist of cetaceans, where the young are 

CU rily precocious In addition it is interesting to note that the general 

body proportions of the newborn blackfish are essentially those of the adult 
his too is most likely due to the need for immediate efficient swimming abili 

ties. The young whale was surprisingly heavy veighing at least two hundred 
pounds and requiring considerable concerted efiort on oul parts to drag it across 


the s ad Aside from what was concentrated on the snout, the blubber varied 
tl kness from about one-half inch on the sides of the caudal peduncle toa 


iore than an inch and a half in front of the dorsal fin 


‘he sex of the infant was not positively determined. Kritzler op. cit.: 321 
29) vives the external differences between the sexes of a number of blackfish 
st led at St. Augustine, Florida. On our specimen, the external “inguinal 

phology’ was not decisive due to picking at the region by gulls, and inter 

lence was not tound because of the ecessarily crude dissection. How 
iespite Kritzler’s statement that natul males resembled the females 
form,” our infant whale showed quite distinctly two of Kritzler’s chan 
adult males “the promine! hump extending from just behind thr 
to the base of the dorsal fin” and “the pronounced crest on the dorsal 
1e caudal peduncle.’”’ These did not show on the mothe 
DISCUSSION 

st ded schools of blackfish that have been recorded from Prince Edward 
[s | August (Needler, 1931) and the Gulf of St. Lawrence in September 
\I thewsol 1935 ha é contained SLX-[LOOT indi iduals The two (out ol 152 
reported by Needler were apparently very recently born as indicated by the 
pres e of part of the umbilical cord in each case. He suggests that they may 
have been born prematurely in the course of the stranding. He also reported one 
preg t female in the school. The available evidence, then, shows that calving 

G cephala in the region of New England and the ¢ ‘anadian Maritime Proy 


east, occurs mostly in spring with some calves being born in the fall 
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MORE PIKED WHALES FROM SOUTHERN 
NORTH ATLANTIC 


By Jos Crrtris Me R S. PAatMet 


s go the s u he Florida Keys 
| Wl S of tl S 
y a \ v pg eaied WV 
} ) j the G 
if ig n i ( ) ! eS 
i I Longe B I 9°30 
| her | 866 (Rhoads, 1903). Its pr 


i ‘i 

o is { ( 1] ( ~ _ ( 

} ( n \ ) is ) 
‘ 70 0 } ; Th 

( r r I I st be 25 
S ( I No \t (er S 

he F M9, s Q piked whak he Flor 
~s ne ensi ) or D o the Gu ot 

) if Dp ) Ss skelet iro i 

s Cree | d 

lecember 30, 1953, the hors | I or sh” had stranded 


Duck Key (at lat. 24°4 d lo 81°14 With the encouragement 


e of Daniel B. Beard, we sited the are it once and saw the whale 
bridge but did not react! intil the next day when John J. Brantner 
tho Loo! ul LO l i S DO / ( ne nate iV oO its ett sic ll 
iter O mar. Great portions of blubbet d flesh had been bit 
evide v sharks he tong I ee so removed tro peneath 
rie ( 1a Parts of the scel ind uch of the propulsive musculature were 
Che right eve and the s were undamaged and revealed the anima 
I ( prac naie Vhe holes uid bel beneath the surface 


cavated somewh by the sharks. The right flipper, which 





PLATE | 


Upper Little Duck Ke W hale Ba aenoptera acutorostrat 
characteristic white spot or band ldentifving this species. Theres 


Was no abrasiol 
on the flipper itself. The white of the animal’s belly ma seen to extend up 
flipper Whale = head is tow ird reader's lett Mippus Dors view of flukes of | 
Key whale. Greater abrasion of right fluke suggests that whale stranded on rig! 
struggied le ifter turning over on left side LOWER Dorsal lew of skull of B 


optera acutorostrata. Maxillary, interma 


130) 





The right flipp 


ind nasal bones } 























nere one ot then had killed it wit! if 


WS MOORE AND PALMER—PIKED WHALES 1] 
xposed and undamaged, identified the whale as a littl piked whal by the 
rge white band upon its outer surface 

vhale had been obser\ ed by local fishe rmen to strand itself on the bar 
BY 


cember 28, in pursuit of a school of fish, they thought; and as it lay thrash 


ill Viar \ people had 1 isited it trom 


thon by boat, and its tail had been cut off and exhibited in front of Brant 
sporting goods shop. We had already photographed and examined the tail 
ling the total width of it to be 89! 9 nches, the latera extension of the 
ke being I inches greater than that of the right. The whale was said 
e been 350 feet long before the ta vas removed. The span ol the flukes, 
er, corresponds closely to that of a 27-foot piked whale from Puget Sound 

28 4 one trom Scotland (Cow L939 
this same visit to the Florida Keys, the authors found the skeleton of a 
vhalebons hale on exhibit at the charter boat docks at Marathon. We 
graphed it and made some inquiries about it. but its ownet was out fishing 
h later the senior author returned to the Seven Mile Bridge site by a 
ndly arranged for by Mr. Ike Sigler of Marathon. to search the bar thor 
but vainly for the st ded pike hale’s skull. On this oceasion the 
the exhibited dockside skeletor it Marathor Was Ol hand This Was 
hpoatm Ed. H. Lowe of Maratho ho said he had found this whale 
»Teet ol water oft protected inlet on Bahia Honda Key at. 24 
g. S1°17 ) in 1952. There were | et holes the skull which he said were 
hen he found it. He had the seve ervical vertebrae and 29 other verte 
ad to the skull o1 steel rod measured what he had assembled and. 
estimating for the missing bi d flukes, judged the whale to hav 
20 feet lo g at deat! he s ture i the sku vere largely opel and 
Nyse vere no ised to the vertebra ndicating that the animal was 
erested n he ( his whale skeleton, and was 
ging. He per ted remo D ones for presentation to 
States Natio \luseu his ime d directed me to his house 
i could find and measure the Lnaipie lhe following table shows how 
bie measurements of this 20-foo nat ompare vith those of two 
piked whales from Scot 1 (True, 1904). This and the size of the ani 
he size and shape of the a ble portion of its sku und the shape of its 
ones. col ced us that ere ag rat g with the little piked 

B D ! ( 

gaard (1951) has re irked upon the scarcity of records of the little piked 
pi waters. mentio g ONLY a report of one captured ll January 
Manila Bay of the Phi ippine Islands (lat. 14° N which event was 
vy regarded (locally as extraordinary. There is also a report by De 
ga 1948) of a 21-foot specime stranded at Mannar to the northwest 


0 at. 10° N possibly 1 \Miav of 1937 since a local ne wspape! published 
wraph of it Mav 19 
sgaard op cil has concluded tron good evidence that piked whales 


; 


te into Norwegian and [nearby] Arctic waters in the spring, are most 
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the summe! and lea ( the sf orther vaters agall more ol less 
the autumn.” With specific reference to Norwegian coastal wa 

{ irther eo) cludes the ach t minke piked vhales met W th in Nol 


stal waters Lotote! are ¢ route, migrating to ds highet ititudes, 
he Norweg oas te econd heu hack to 
1953) compares a sun he strandings o tle piked whal 
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| hy | | } 
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SPECIATION IN THE MONA MONKEYS 


By \ H ,00TI 





| } ourse oO stigations started June, 1952, on the biolog I 
(;old Coast monkeys, the riter has made an attempt to plot the geog I 
distribution and limits of all the forms that include that country in then g 
Che results obtained indicate that the commonly accepted nomenclatt 
erta orn t the genera ( Or ( opithecus and Colol 
give true picture of the specific or infraspecific status. The present 
gations oO the mor monkeys in the field have been sufficiently interest o 
ead t systemat study of the treatment of the entire mona group, ¢ 
opi no SUDSDpD. OF Ss h il LOLS 

I cle g te idea of spr ind subspe differences 9 

rker should study a group of related forms in their natural environm«e 
the vhole Ol the , © nee Sucl Al opportunit\ ] rey curs Wn Afri 

su mé eCESS o apply wl owleds be gained ove } 

Ul ! o ne g ) whole Alths lg! the ( nas been abl 

the « en recognised forms of mona n ( the field, he I 
hims rtunately placed geograpl or the *obse1 
species d Che idea of species-structure thus formed would s¢ 
mie supplieme¢é museun ( 

Va Obs d collectio } orms Cercopitl 
Schrebe of ¢ imp ( Chon | ( er made by tl 

etwe go 1 he Eas nd Guig | ) { oast the Wes I 

( f for O six hundred miles long hich these n 
( I ad some scores of specime h Det Kept 
he Dep ni Zoology, Univers Colleg e Gold Coas 

st perime mate! 1 

Ihe s is . mprising the mate he British Museur N 
History) | e also been examined. There is the Museum adequate 1 

f the foll ng forms (the nome iture adopted is that of the origi 

(’. campb Waterhouse, C. campbe 0 Thomas, C. mona (S 
( hon ( mm Benne ( 0” Fras i ( ro AVE 

lt er regrets tl he has been 1 ble imine series of the g 
( ) lu Ch ( ) chwarzia? Schoutede ( egans D ‘ 
Matscl t.9 Lonnbe For confirm mn of the lid 

rms, he | elie I O of Schoutede Q47 nd of Ma 
Ma tel 1949 

LI} rREATMENTS ¢ GRO 

I { decided rie iui sectlo 0 his aspe ( if subpjec iy ~ » 
vide application to the present state of the classification of African mo 
genera Failing adequate analvsis of skull-characters (Haddow, 1952), d . S 


of the genus ¢ cop hhie have been made ma vo the DASIS oO! diffe re 
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ch a wealth of forms is kno however, that earlier orkers, whos« 
is often confined to trade s s and specimens that died in capt ty 
ed to choose unfortu te hay tere f their diagnoses 
rie specimens hy ' he extremel) seful, espe illy from the 
ew of the investigator } ereste oice. posture. behaviou 
expressio hich 9 | | tors of relationship, if less 
than the re ig R | 1 ( The present group furl shes 
mple. § te 1293 } he or s placed C. can pbell 
, hic hiol o , he ( pill ) anoct ( gray 
| he grou] leed does diffe lely in colouratio1 


I tte p iu v f ery misleading 
esen r S } r ¢ 1 ( ( )/ 
S101 0) QQ); ! ( ne } most. essfu 
thy o rn I } a 1] lore hy . ot Pous reues 
| m he ov | ~ u } ( d ¢ mona 
vet he ths . Ly 1 | { r te mictal +h 


mined the pe, | l pt f ( specimen of 
( O f } (rl nhims¢ I 

| rre i ry ! f Sry 
1928) revised the ¢ g manner consistent with his views 
( t the me eS he i ¢ } | QYS/ paper or 
rie nis nig my} g most ireiu 
THe Noss ‘ re nr mor monkey 
ed n the I I nh he described as sul 
e,” “gel | Art (Formenkreis sit 
‘ ( etl eC SEF ne | 0 | scn Ss Mammalogica 
Forms tl re S ! I ipp! mately replace each 

singie species 

ent tendency has been to take the nom«e iture of Schwal AS A DASIS 
\perimpose alterations where the investigator has disagreed. Thus Rod 
epted Schwarz’s ss f the spot-nosed monkeys (albeit with a 
stic suppression of man ilid races), but disagreed with him in the 


1e monas, which had actually been treated much more carefully by 
Both Schoutede 1947 nd Haddovw 1952), on the other hand, 


SAcreelne th Ss hwal Oo ne spot-nosed Monkevs made no comment 
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upo! 


i. need for a new regrouping of the species of the genus 


h 


Three 
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is treatment of the mona monkeys. It is eviden 


sections ol the ‘species ( mona were 


Yroul ds DV Sch Var? 


therefore, that the 


recognised on morphol 


mona-section: campbe our mona 
pogonias-sectiol . pogonia gra nid pe 
volt section: wol Pp odgast elegar ley 
The mona-section was characterised by the greate rea of unpigme! 
on the lips and face, by the plain dark grey colour of the outer thighs 
eve distribution ¢ n on the t d by the presence of black a 
on the hairs of the ear-tufts. ] idditio s haracte vas dis 
In the males of the mona-section, the face was held to be longe d tl 
max! ! regio rower tha ne ) l poqgor sections 
Che pod Is-sect Ss dis guished m t! section [ ne 
me ) sagitt h rest and ti sm ( SIZ n s of the ( : 
() t} ote tn) ci. the oO x ( r r } TY e) r¢ ot pig 
s on the face he tend » cle g tl er fur te 
11ST end I rhe Pst I nairs I ( 
nd he ce opm«¢ ving degre ed pigment O I 
irface. The shape hes he s( iered to be mo 
1 hence more prin e. Sel ( li the wol fi-sect 
the most pru e membe he ¢ gro 
Atte ( ! ( mate I OS he pres 
ds himst » green Se] cerning tl 
11s nes I o . ( ( De s ‘ 
l I} ( ( | tl 
} vere ‘ I ~ 
~t ip } ~ no } e¢ 1! 
ected the same SI Hadad 2 he Sa gre y 
( ( ul ere ~ ] ! | ~ 
at pigime ed ( tl s ( mo 
) iv t! I ( ( Sig iegree ¢ a 
et et ( it ci f nougt cio Dp rol the prest 
el that ©. pogo ( a ha tie less pigmented s \t 
di | DO Lhoest’s photograpl Schouteden (1947 
specimen of ( hich, showing as it doe he head and ches 
: ute unable cis fuish trom ¢ mor 
Che importance he plain dark-gre highs ¢ he mo st ( ( 
\ specimen of C. lowei shot by the writ ory Coast is atyp 
espe that the outer surface of the thighs is speckle the san 
he bas 
Che hai engthn on the tail ot we gro specimens of ¢ ours ind ( 
s certainly not evenly distributed, those hairs at the end of the ta rT 9 
0 to tour times the length of those at the bass \lthough the tufted apps 
. ot deve oped to suc! aegree as | ( pogonia the possibpilit I s 














»? siderable number are quit lnmarked, the vhitish hase ol the hair 


BOOTH—MONA MONKEYS 137 


arly present Finally, the annulated hairs of the ear-tufts are, 


marked in (¢ mona, but not so in ¢ our The latter form 


tions on some of the hairs, but many are only black at the tips, 


concluded that the sharp distinction that Schwarz erected 

section nd the remainder is not of such morphological im 
VERI ) ( 

by) n nl ot} I inte | he ld Oo ol 


) So] { . serted by the 
trenz les K 9 Lokalformen der gleicher 
( ' gefund rden, die durct 
| ‘ | } 9 in hy } 
I cy y ( ( el um ais 
o | t most he 
= f 
Sel He remarked on the 
( ( tive ( the | vine) 
sul hat stretches from the 
Nig ( r) he sn a of 
his g \\ her Niget mam 
y ( mbe he mamm 
Exal ¢ the monkeys are 
( 1 Procolol 
i \ ( ( nas eve pene ited 
cd g ( p ila mg the 
esti he \ here th rms overlap 
( his . has been pos ( es 
he é | led the fo g observations 
r o s ! 26 } hye ’ ’ ve te 
ha , } \{ ¢ ( ~ The mi 1 
o.and(.n sa 
1e two forms h e bet Set separately many times, the autho 
have only t e seen mixed troops. In both cases the troops 
arge, being presumably chance aggregations at an unusually 
food. Such aggregations occur between almost any two species 
vere frequently recorded by Haddow (1952) in Uganda, and 
“1 as quite norma and not necessarily showing al \ attempt to 


distinct oca ditt rences betwee! the two torms Obser\ ations 
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| 
} 

( ( 
gs of the calls red wl eeding and exploring sl vhile 
of the era eS 18 OF el mM I | se of ie re ! il ibly 
ess Mus n hose ( ( iy. examptk the mus ’ il 
0 nich is trequent ered adm | ( significance uv 
Ool ovet he cit é ( non a) sounds ithe Ke i 
mn hinge. Those barks he males tl re uttered early morning 
o are sim r. Bu hereas ( { roop-leaders utter the same 
eading a retreat amely aisvilabu who ( mona omits the 

le thus “‘ué 
gically hn areas here there is no overlap, the two forms are approxi 
alent l) the area ot overiap, vould seem that there is a slight 
mona, a though scattered generally s distinetly more abundant 


on the actual river banks Chere is, in fact, onlv a single observa 


vriter of C. lowe7 on the bank itself. in this case the right bank of the 





440) 


Volta 


form may be encountered. The 


successful in driving ( 


initial SUCCESS 18 duc 


fact riveral 


] 


preterence I onliv a psychologica mnie, 
5 Chere s absoh 


localities in or around the area of overlap that ar 


place. or has « 


mens ind ¢ mona 


to the fact that a 


n, and therefore that monkeys coming from that 


er done so. C. lou 


telv no evidences Irom skins or trom 


vhile lighter 


both sides of the Volta 
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At a distance of some few hundred yards from the rivers, howeve 


invaders would seem to have been p 
lowet away Irom the river banks It is assumed 


reat deal of the forest in Togo 


o 
ceountryv wou 
for such localities 
1 ive specime 


erbreeding chor 


remains identical with more weste1 
colour than Nigeria 


Th light ning of peiage was ol 


specimens 


Sch ! his Togoland material, and was ascribed by him to climat 
the Togoland forests being less dense than those of Nigeria. In the 
this is correct. It should be noted that therel ( mona l V becomes 
the thighs tha tvp ( ne 
Ihe morpholog1 Cre es bet a ! I S TOUO 
| ( nond YOSSeCSSCS vhite iro (i sf ( ou 
2) The cro the back of the ne ( s lightly { 
? 
D emon vello Chis fle gy is produce he presence of ye 
tio 1e | | In C. lo the SI h more he 
I h golade ve lich merges graduall\ th the colour of t] 
4 “he ) tl duit ¢ mone Oontrasts th the head i OLO 
varm rea-bro | our the goldet colour ot the he id speckling 
red-g ( he shoulders and thora: hich fades ove the umba 
regio lull b Che effect of the colour he ba 
golde eddis} golden-greenish according he light. In ¢ 0 
eleme pp pos enile phase 
+) The outer thigl (’, mor : y ed he d 
{ ( 
> ( h ~ MmsSpICcuoO Nn Spo ) ( nie S1d 
These ar e in the entire genu 
It ou } ( the o torm ( ( I I th ) 
ehal he DIOLOg ue ma Sault ssume oO be reco 
inde th tl h row-b 1 ad the I sacl spots are ( 
tl i ble that they have plaved : mportant rol 
ention ol any attempt to interbreed with ¢ O 
ther physiologi nd ethological characters sufficiently to ol 
preed the natu environment ust as Sch idmitted to | 
between C. mona and C. pogonia 
Under the circumstances, the writer suggests a regrouping of the mona! 


on the basis of the 


ol a group oF popuk 


and of which the neighbouring ones intergrade o1 


species definition give DY Mavi 1940 


t 


\ spe ICs 


ons which replace each othe oe ographi allv or ecolog 


nterbreed where ( thie 
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} rr which are pot ntially capable of do ng so with one or more ol! the 

s) in those cases where conta: prevented geographic or ecologi- 

r Wh geographic barriers are prese! ther the two races on 

eit le are not conspecifi cal decided only by inference, based on a 
careful analysis of the morphological diffe1 





es of the compared forms” (Mayr, 
1942 











tin | ) 14 ) } S } riter ra) t h ™m 
rising ¢ nd ¢ P specifically distinct. and 
‘ / an / ni » C) } hola ' diffe e) } 
S her ( ng to? f es is e she n to 
nenat 7] ' The ar sis 
( 
Cercopithecus campbelli V Rans I G a to the Volta 
G ( 
} ¢ ( { % R é 
I R ’ vy (Coas 
) T> 
> iv \ 
Rs ce ( ' 
lo. ] Coast. which he 
. ( +] ; , 
I I a ‘ ne nit ! only 
( . f +] 
‘ 
’ ( C } ! _S TT ithe 
: = = , Perhar } est explanatio1 
he preser legre re] nstabilitvy due to 
‘ DI ) TeOS raph (sug »1S 
) { ( ? f rada this cast Oo 
may , red 
Cercopithecus mona (Schrebe | l vw Range: fron 
Stat Gold Coas » | } Q ac ; ( T ? g 
species must be regarded as mo! ess the Togoland form proves 
c eo tly stab to be separated a , subspecies 
‘copithecus pogonias Bennett.—Range: Fernando Po and Cameroons south 
to the Congo Rin and eastward across the 1 gi River to the edge of the 
é e Dist Belgian Cong¢ 
OD pogonias pogonias Bennett [ype probably from Fernando Po 
ize, British Cameroons south to the Sanaga Riv: 
opithecus p us are Frase 'vpe localit nknown. Range, from 
panag Ri rer ; d opan sh Cruinea la tne J | 


River into the northern half 
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taries 


fa 


a 


r as the edge of the Stanleyville District. In this eastward 


and Ubangi River forms its northern limit (Schouteden 


Gaboon and western Middle Congo (Malbrant and Ma latchy Apparently tl 
distribution of this form is centred on the Ogowe River and its tributarie 
from Mayumbe, a small “‘peninsula”’ of forest just north of the mouths th 
Cong 
CI ide-ranging species has had a rie of differ treatme! 
e seen from Table 1. Thi the resi of the frequent ¢ urrence ( } 
nts and of i mediates. Rode characterist refused to recog 
( | ell-marked race distinct. C. p. p iot and C. p 
B tt i.) r were relegate | \ Sel I i the nonvmy <¢ ( Pp. ! a \ 
th é ddition of ¢ chwarztar by Schoutede mn. the ASIS ( g 
captive specimen, the writer has nothing further to add to Schwat 
It ire vy nec mble in one place rge colle ym fro! 
oO the range ¢ ( od a hHerore th S re I | I Species ( 
quate l 
Cercopithecus wolfi Mey: Range: The whol the forested ar 
le nk of the Cong nd ! ri 
Cr ith Meyer ( Rang 
the Lomami and Kasai rive 
( Dp ( ) ) onnpvel i Vp Kw vo Ki \ 
from K;: ok yy 
( Dube & M: ( ym | 
Rive ‘I L¢ Range, between Lol i Cong 
These three forms h heen regard uthorities si S 
revisio geographic races of ¢ From this form the er regal 
spec! dist on morphologi: or } ma} differ 
pelag s follows 
| I} ro nd extremely well-marked stretches rou 
crown, and fades over the temples, considerably anterior to the ears 
2) There is a clean line between the pigments of the upper and lower sur 
emphasised by a darkening of the flanks at the junction betwe¢ the grey 
pigments and the orange or white lower. In C. mona, the colours merge grad 
3) The colour of the thighs is sharply marked off from the colour of the s 
area. This is not the case in any other species in the grou 
1) There are no white Spots at the base of the tail 
From ( pogonias, C. wolfi is separated by characters 1, 2 and 3 ( 
also by the failure to develo] any indication of a sagittal hair crest 


nias nigripes du Chaillu—Type from 


Of rcop ther Ti pog 


The degree of difference between the forms assigned to ¢ 


of C pogonias 1s therefore considered to be sufficient to wat 


part of the range 


boo Rang 


Gi 


wolfi and the 


rant specific dis 








l- 


of the Congo basin. Recorded from the Alima-Sangha-Likouala system of tribu 
Malbrant and Maclatchy , and along the north bank of the Congo 
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tion. As compared with C 
presumably by 


proceeded independently. 


Cc. u 


. err er 
elegans, of which th 


interesting form, in th: 
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} 
a consiaera 


the orange pigment developed 


MAMMALOGY 


mona, ¢ ol ft 18 further st parated by distance and 


] | 


ble period of time during which their evolution has 


re still exist only five } reserved specimens, is a most 


I to such a degre¢ lI 





( Ww. we and more especially in ¢ i ? rogaste has failed to appear. It there 
ror orm food connet ng il i} th the i spec The Variations lr the 
races of C. wolfi at their common limits is not reported. Since the differ eS al 
largels mfined to th ( y of pig! tio! s opposed to differen 
in patter } VT] follo Se] in regarding them ; as of subsp: 
valu 
Cercopithecus denti Thomas ype f ri For stern Belgian Cong 
Range: The right b of the Congo to Star Eastward to the R 
Valle a rth ra I he | I’Bres ri-Shari (Malb1 
1952 
. } 
Ch pecies is alm itermediate in torm between C. mona ai 
C. w. elegans. From the former it is separated by about five hundred mile | 
fo “T e country ne ro the | t v the upper re hes of the Cons: it 
he re the most d uit me é } n tro to assess. The dors 
r l I Tul ) ym ti C. mona. excep 
t rol I nite ) the 1 ( f in 1 rn re al I ( ) 
nything less p1 ed in C. In side vi ever, there is a c 
sideral differs é I the s I iemal ( e flanks fro I 
ely whi } ha ¢ l f Ihe out S17 ( the igh 1a eT) 
OlvVve ro I 1¢ D l \ I €& colo ( the 
ire 
rom ¢ elega he main difit ( t ratte! 
very distinctive 1 th orm ( i l I harp ¢ 
oO th ( wir < rr | Ol tna nes re ai the dart o 
i chee T thes iil ( 17 i] erior reg 
cheek marked light in colour l‘ogether wit tne D V-Dal they Five 
forn ( e characteristic pattern of head-ma1 u shown in the phot ( 
grapn ¢ ne type ( mpanying the des ription t Wubois A Vatschi 1912 
[he writer’s conclusion that this form is speci listinect from C. u 
finally influenced by Schwarz’s admission that ds in a somewh: olate ( 
position 1h his wolfi-section. There is no doubt that qaistin irom ( | 
despit« the resembla1 the colour of the dorsa urta ind crown-patte! a 


vhich Schwarz failed 


INTI 


Since the writer regard 


ot his mona-secti 


state 
with the evidence of 


pattern a 


remark 


RRELATIONSHIPS OI! Hit 





s Schwarz’s craniological evidence of the advanced 
as inconclusive, this discussion will be concerned only g 
‘lage. There is little doubt that smooth gradations 1 
nd sombre colours are to be regarded as more primitive than contrasting 
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\ K 
j ’ ty FI \ 2 MONA 
y \ f ’ 4 3 WOLFI 
ly ,, Ny 
/ \ 4 CAMPBELL 
| 5 POGONIAS 
4 5 
a a a ee a a a ee 


Phe Ml mkey. The a hie 


vy ( liileret ito Wd spread i 
g ) ( ured th () his as 
( O e reg led m e colouration and patter) 
ak om ( in | our patterns over the hol group 
} e he ‘ itil mp ‘ ( eo ree } lh o te 
) Te { a ( v ) der the influc eC ol mat 
ecome aitterentiated tO spt ( Che gradations in patten f the 
istrated dliagramm vit | g. 3 The solated positiol | 
t e ce I ( Phe rorms /owel, mona, der egar 0 
0 ur most every resp rraded series 
} ( ! } | ( O rown golder Ve Oo speck ed 
gy red gold Ol the thora CL10 ing to dull blacl 0 the sacra 
eg ind over the outer thighs. In ¢ nona, crown lightly speckled lemon 
ontrasting th the bacl the red-brow of which fades gradually to 
medium grey over the thighs, darkei g on the lower leg. Feet black. | 
{ rl slight v darker, the speckling continued strongly onto the olive brown 
highs, and onto the lower leg, the feet only remaining black \ sharp sometimes 
ened, line of demarcation of the upper surface from the pure white of th 
ry In C. wol/ subspp the red-brown of the back confined to the mid-dorsal 


he flanks being of a speckied dark grey colour. A sharp line of demarca 
tt only of the flanks from the belly, but also of the thighs from the sacral 
In ¢ u elegans, the hind leg To the ankle a very light spec kled vellow 


g nC. w. wolfi, infused with rusty red, and in (. w. pyrogaster brilliantly so, 


the red colour spreading over the whole body 


hie inder surtace In ¢ ( lowe H rather dirt, white. espe tally posteriorly 








mona 


ff from the upper surface 
( volfi infused with orange laterally, much more 
vhich the red colour extends up rds over the fla 
thus obscuring the demat 0 re 
The fore-lin Phrough« et-I outside, « 
hich ma g| pe ed side, | hite exce} 
f / ci f Dp oda 
Wi ( ( i ( ) t} | 
) nod re pre I 
} of} t} hig . 
( | P ; e me . ; 
vy ni the he if 
} 1) ( ( Lt ( r ( 
} } wrapl ‘ ( ( ( ,* | ‘ 
t? ? l ‘ Y rye ‘ } ‘ 
( I pie ( ( ! v ( 
I r het dist end 
} Is ren Odi the I hand, €'. po | 
le | ind | | te nD ierg 
lepend levelopm«e 
m , ny hy te) om p 
Phe the yg ogoland, | ead 
’} he g or he m Nass 
‘ (.p ! f ( ( me d 
} ‘ ( 7 } ( F cle 
pp } | uy | 1 ( Te) spre l 
1 1 ¢ | v tl v I I 
1) , or ( ) ( sugY t} 
tt I nN I ! 
he Be I h the SI 
I tl m Can ) n | 1-1 
a Sout i along the vl | ay 
) Nn aL | th ¢ ~ 
msidere th I pr C ong . : I 
omam It tl regu thi I ( ( cit ! 
( om ! ook place. | eve 
bore being contined ma to the rive ~ 
thre OSS11 ( the Congo had bert made, ¢ Ini I 
to develop in tsolatio 
Che writer therefore disagree th Sel ’ } 3 thi 
is somewhere the Congo basin. It is much more reason: 
the actual ongn vas somewhere to the west of the ¢ 
vhere the forms with the most primiut ( 


the 


and sharply marked ¢ 


JO 
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throat and chest rather more | 


reilly 


estrone 


ameroons, | the reg 


w. elegans as ¢ 
iv inf 


to the dors: 
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From 


and one to the nort! 


SUMMARY 
en d tora revision oft the genus C*¢ 


copither WS 
he mona group is examined criti 
studies r 





MAMMALOGY 


Vo 
his region two main migrations occurred, ( 
eroons 


me to the south ol the 


is emphasised, and the 


ly 

f C'. mona and ( campbelli lowe? are described. There 

uate evidence that the two forms are specifically distinct 

( mond is also considered to be distinet trom ¢ pogonias ol the vTou 
sim! overlap in distribution without interbreeding 

The group is revised on the assumptio! that the degree of morpholog 
difference betwee ( mona and ¢ ¢. lowei and between ¢ mona and ¢ po 

sufficient to allow specific separation between other forms, the geog: 
wation of which does not permit of overlaps in range. It is concluded tl 
species are admissible, two of which are monotyp 

Che probable course of the evolution and spread o e group Is discu 
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Scpwarz, E. 1928b. Stadien der Artbildung. Die geographischen und biologischen 
Formen der Mona-Meerkatze (Cercopithecu ona Schreber). Z. indukt. Ab 
stamm.-u. Vererb. Lehre, Suppl. 2, 1928: 1299-1319 
g r.P.L. 1893. Ona new African monkey of the genus ( opithecus, with a list of 
the known species. P1 Zool. Soc. London, 1893: 243-258 
De tment of Zor 7 l ( G ich ot j l Re eda 
Veni 10.195 
NOTES ON AMERICAN MONKEYS OF THE 
GENUS CEBUS 
By Pamir Hersaxovirz 
Critical remarks by t ite Dr. G. H. H. Tate (1954) regarding my identifi- 
he signilicance Of Cel extel hat rs of the species and a misinterpreta 
( the ter nolog. | ) ers 
ry origi ngul S S s, 1/66, reprod l 
Tate (1954, Pl. 1) refers quite correct ithors have held 
( apel My 1949 ch I ap S based on the same 
lated y Dr. R a I ro f [ a e species ( ) upella 
[ sis for the d )y s tl 954: 415) pe to one 
but hold l tot d hen he states that C. apella 
l ested spect l [ | é ipplicable to the 
g brov g S o ( . g n Hershkovit 
2 [1949]) refers to C. nig | goes on to say (p. 417 
é ( é he described Simi 
I ( I sted | ( yased solely o 
aractel sence of a sagitt rest ol 
I of the ad n t. Tate, 1939: 210 . é r cl ial characters 
the o igina \ ) ap ai D | ‘ | (>I US| | Té vari SF lh ~ 
rm er ref a ni : h his and my term, ‘tufted 
o t riat extel | : ho ) e (1949: 326 
27 9 574, t nail li S in any of the four 
ecog y l specie ot Cebu the crar é ( ufted’’ Cebu ape lla. 
lits of hair on the crown of the head a1 is not always, present and 
they may appear as “horns, ridges, topknots, pompadours;”’ they may be repre 
sented by a few raised hairs or th: ay be obsolete. It has been shown by Tate 
1939: 209) that presence or absence of hair tufts in his cranially crested species 
s not a critical characte He chided | tt Tor inciuding the crani ully crested ( 
variegatus and the cranially crested C. frontatus in the section “‘without tufts,’ 
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because he, Elliot, failed to find tufts in the types of the named forms. Tate 


went on to explain that the “development of hair c 
considerable degree ir specimens from southeast I 
Tate continued, “the cranial features of all our n 


} 


color of their hands, feet and tails) from that region 


the tuft d 1 @.. Cran ally crest for! - It IS not 
point to my published figures of Cebus apella with its 
even ephemeral, 


of Simia ape lla Linnag 1s without visible tufts Aas e' 


represent one and the same species 


With all said about tufts Al | othe r extern ] ch 


chara ‘ter, and then to his repro lu t 


rests fi. e., tufts] varies to 
srazil. On the other hand 
nkevs (as well as the dark 
combine to ally them wv itl 
clear why Tate should nov 
tufts described as a variable 
ion of the original drawir 


ide ice that the two cannot 


racters kept in mind, it 
be noted that the original figure and description of Simia apella reproduced by 
Tate, shows all external characters attributed by hi 1 by me, to his era? 
crested, my “tufted,” species. The hands, feet and tail of the Linnaean anim: 
are described as blac the hairs of the crown appear to be short but er 
though this may be an interpretation not required for the diagnosis. In any 
the form of the black crown is quite like that imber of “tufted 
viduals examined by me, by Kellogg (in litt., apropos this article) and by Tat 
3s show! in the abo quotatio Th Linna inl represents the “tufted 
species des ribed by me 1n 1949 p 327 Its valid diag LOst1Cc characters clear] 
iginal figure and my figures of Cebus apella, but apparent 


show! ] hoth the oO! 
overlooked by Tate, include the pale, narrow super 


ur bands « 


the black cap, and the 





chin. Every Cebus, with « hat exhibi 


this paragraph, is true Linnaean Cebus apell 
ot icl nid dua DO a oe aq tt crest nad 
cranial characters of n tufted” grou ef.. Her 


In 1939 
denomination. He declared that “‘if, as seems possi 


with or without crests [here hair tufts are meant 
named forms will come under the species fatw 


ally crested species and an absolute synonym of ap 


7 


of the true Linnaean Cebus ape lla. so well reve: 

the monkeys he identified as ape lla. Tne Guiana 
the American Museum of Natural History record 
the name Cebus apella were examined by me and 
1954 to be Cebu 


“untufted,” brown monkeys 


to the animal shown by Tate i 


uTrLcre sled. l. € true 


the species variously described as olivaceus, castanc 


authors,” and described and figured by me (1949: 
common earliest valid name Cebus nigrivittatus W 


Colombia (Santa Marta 


of the venus Cebu fron 


paradox that the combination of d 


clulary band contrasting wit! 


XTC! ling trom cap to under 


ts the olor pattern describe 
The elle of all adel 
hoth sexes exhibit the other 


shkovitz, 1949: 326, Pls. 15 


ision but under a different 


ble. the black crowned Cel 


‘ 1» fal 
really conspecific, all of thi 
1 
the name given to Nis crav 
eith r as race ( j Sj 


1 by Tate, are not present 


and Venezuelan specimen 1 


<d by Tat 1939: 213) under 


found to have no relationship 


apella. They are all cranial 


vith the wedge-shaped cap 0 


325-328, 343, 348) under tl 


agner, 1848. Other specimens 


me : 
and western Ecuador, als 


external characters 


{ apiculatus, ““Capucinus Ol 














HERSHKOVITZ 


; ( 29° 
pe y! 1949: 332 
Y 2 , 
} ted C's / a ro? 
e¢ 
= 197 tun e that th 
> cm 
reg 1939 f | 
1 4] om es f 
J i@ ta Y Ol a 


C 


EBUS MONKEYS 151 


| s repre ntat es of Cehu ape lla pro red to be 
nd ecorresno lit g Ss} 1vmies forms of the brown, 
More i of this so1 e detailed by me it 
’ 1 1 

preparatio i n re to th mals of the 
lit ) Te eT ¢ oO ‘orrect 

, 

urat ) ent if the mor 


949: 387, 401 
gside the figure of the Linnaean Simia apella, Tate (1954, Pl. 1) presented 
uct of the original woodcut drawing of Sin ypucina Linnaeus. The 
served by the reproduct his fig scu » me. Perhaps Tate 
phas tl I t ts to the contra ther neve! 
nt heen doul regard L} ? i In 1929 
s ( l U g 09 (J 1939) he used the 1 ( 
( page 21] grvy I D For ( n] tar 
s ( ? | TAR ra thar . \t 
he read referred t paper on tl ibject (1949: 333-349 
re , S j | lt re g elow 
Bt 1954: 415 tl geog! phi range oO apell Matto 
{0 state l g tl ge of Cebus apella, 
erately left th ter to Kello Hershkovitz, 1949, 324). I did 
| the sp ( ia (p. 324), in Peru (p. 374), in 
76 the Guianas Orinoco region (p. 380) and, farther 
age, Margarita Isla parts of the range are indicated 
f tl terature (pp. 529 eq.). My only refer 
Y Gr 5 her rs | Con} CT1IO with isting 
ertebral formul ( f (el ipella from that 
Hershkovitz (1949, p. 332) suggests that I should have ‘r 
pe The readet referring t page cited will find that I did 
the O in the form or sens ) I Tate (1939: 213) “re 
the typ ality of ¢ } British G 1. First reviser | 
5] 109) had already rest th ype region to “La Guyane 
ha The tvpe ] litv of S or ] oes 
4 L 


ON THE ST 


ork 1949: 354) o1 


i is was also de 
1812: 109-110). This makes 


rthern Colombia, it was shown that 
pe Humboldt was not the same as the black white-fronted Cebus 
Linnaeus, 1758, but was, rather, a race of the brown white-fronted 
d should bear the name C% alt ons hypoleucu The typ house 
was examined by Humboldt i & native 


Bolivar now Cdérdoba 


’s hut near 


the mouth of the 
This 


Department, northwestern Colombia 
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indication of the type locality, there being no more 


last was construed as an 
p in Colombia, I made 


information on the subject. On a subsequent collecting tri 
f Humboldt’s monkey in the alleged type 
lly that 


special efforts to secure specimens o 

region. The animal was not found there and it can be stated categoric: 
no representative of Cebus albifrons occurs naturally in Colombia anywhere west 
tio Magdalena-Cauca. This state of affairs nullifies my suggestion (1949: 


of the 
aeq tator alis Allen "poss bly 


379) that the western Ecuadorian Cebus albifron 
grades into hypoleucus “somewhere along the Pacific coast of Colombia.” 
In the absence of a known habitat for Simia hypoleuca Humboldt, the monke' 


cannot be identified positively beyond its specific designation. It is proposed 
therefore that the name be disposed oI a an unay ilable synonym oOo! Cel 
albifrons. 
LITERATURE CITI 
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n South Bass Island. When discovered it was approxima 





te 








North Carolina 


semino in 








Ex Poole (Jour. Mamm., 13: 162, 1932 and 30: 80, 1949) and the two North Caroli 
specimens are to our knowledge the only representatives of this species taken nort] 
the So nh ( rolina borde 
Kot North Carolin specimens, mature females, are estimated to be over two 
old sis of to wear. A heavy frosting covers the dorsal portions of bot 
tends from the nape to the posterior half of the interfemoral membrane 30th are dar 


specimen from a se s of six that was taken well 





The dorsal pelage on the interfemoral membrane near the base of the tail is Mars 
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The two individuals reported from Pennsylvania by Dr 


vithin the normal species range 


R 





i DI 
Ridge COLOR S81 YARDS AND NOMENCLATURE, 1912). Both are darker than the | 
caster ( it Pennsylvania, specimen, which is estimated to be an adult of the , 
tine o! oth we 
Barkalo Jour. Mamm., 29: 415-416, 1948) reported northward expansion o 
specie range in Alabam auring the spring and summer with corresponding soutl 
reces during the fall a inter. The transition area veen the occupied and 
( pie zone any one time appears to be quite larro This condition may re 
ip ( th: re hough the hypothesis is given so upport by the f th 
rT I ommol! ilong the coast ar of pouti oliz is far north as Geo 
( el complete! ent from all collections of t} treme southeastern coa 
( No! Caroli tepeated effort to colle th spe 13 in southeastern N 
Caro | thus r been unsuccessful. To date, all specimens taken north of S 
Caroli have been co either in late summer in ¢ 
{ [ 1¢ of the rel t of ther in populatior t is 
lieve the occas normal species range result f 
hap! ul ovement o yradic movements are fre 
observe birds and I é nolu Rhoad 
F. S. Bari Ow, JI Z 7 Vorth ) 
( ‘ Raleiah. Rece 
OCCURRENCI BOREALIS, IN CAVES 
Phe l ustomar! teg i I species selecting tree 
tha cave or roostil We wish to re ord he he finding of an alive and health i 
mate ed { n Bat ( ve Carter Cave Sta | ( rte County, Kentucl oO 
30, 1954. The bat was found hanging by the hind feet from the low ceiling of a side « 
per the cave at least 150 feet the I iring the middle of the after 
It \ torpid and covered itl aropiet ( cone M msture T he alr tempel ] 
differs place ithin the cave was 54°F. Occurring cor I in the same é 
red bat, but not associated with it, were specimens of EZ pte Pipistre ind M 
A ¢ te in the labor the bat was anesthet v1 ( eI id t following 
vere recordec veight, 8.9 gm total lengti! L1i0 m eng of t > mm ieng 
foreat 9 number of erythrocytes per m1 om t ugular vein, 17.6 
10 mber I leucocytes pt in oO 00 rol g el 1222. O he Das 
blood ] yr other speci 1 Dats np s ne tor the rec LT 
nor Like l nination or the inter! yy railed 8 in ) hnolog 
It shou e noted that in the immediate vicini of B Ua here i exte 
lores large tree and clearings, and that natural roosting site trees sure! 
ival e to the specimen found in the cave 
Published information on cave usage ) the 1 ) ] i limited to reco! 
ae l ecl ind dos not provide an clue » the ¢ imstance responsibD 
the or ence of the red bat in caves is not genera ciated and since many < 
pul ed reports are obscure, a summary may be of interest. Godma 1826) quote 
observations b ‘*Professc Jacob Green’’ on a large number of bats found ir c 
abo 12 miles south of Albany, N. Y., November: 1816. Green believed the t 
“\ \oveboracensis’’, a species which described |! Godmal 1826) is clearl the 
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Green’s observations do not 


rvations were later quoted 


specime of the red bat have been obtained 
Gre i that the collection of the Museur 
I : red in Short Cave, Ke 
e Cave, Stone Co Missouri. H 
ies in Donaldson ¢ e, Indi 
I in Wyandotte Cave, Indiana, the 
1000. Hall’s (1923) repor this specie 
Cockrum, 1952). Ba 1928) found 
( bad Caverns. Hardy (1941) report 
Ke Mine, Carbon ( Utah, S 
I 1952) reporte finding I t 
Tennesaes iblished era] 
r amd Bins é H , 
the re ; adaos or. r 
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\ i 189 , I g } 
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YY | 195 write ‘ t 
. he ba vere tt he 
€ { I I ne 
‘ iit an oung 
L v T n the es Or 
( hel rking o he l S ¢ l 
e mothe Their | 
| gray on the back. The posterior half of the w 
es ylored except for blac patche VE 
t is so noticeable in the ad 
tl zie, ears, thumbs and feet blac} 
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demonstrate this identification 








ul 1884). H. Allen (1893) stated that 
from a cave near Albany, N. Y., by G. J. 
yf Comparative Zoology contains a specimen 
S er, Jr. (1897) recorded a specimen 
907) re yrted finding about 200 skulls 
tated W.5S. Blatchley had informed 
) La h alis to Myotis lucifuqus 
i ( Atwood, Kansas, was later re 
on the floor of the deepest room 
g specimens on the walls of the 
Y 17 rom the entrance. Charles 
d fe ‘ Nicka k Cave, Shell 
e specime And most recently, Mum 
M 1, Indi Thus it is apparent 
re ( ( ut und do not favor 
I \ i B U. S. Nat. Mus 
( Monog. Ame Soc. Mamm 5: 123 
l K P M Nat. Hist., 7: 77 
; Vol. I. Part I. H. C. Carey & I. Lea 
D ( e. Proc. Indiana Acad 
| r <ans Jour. Mamm., 4 
| \ 99 - 289-999 
~ N V« 2-18 
Ar 1 ( the } l Vesper 
10s 
| re 1 Amer. ( ve Br 
e. Jour. Mamn 34: 12] 
VU WU of Zoology, Ur 
LASIURUS CINEREUS. AND YOUNG 
NEW YORK 
ed fe Lie hoar pat W h two well 
¢ yt ne ~ ipple en ¢ iptured and 
I resent eights and measurements 
e] leveloped. Although the basic 
ien young differed decidedly in colora 
horte nd thinner and a uniform silvery 
ing membranes was black. The anterior half 
r the elbows. The head and neck lacked the 
TI les of the head were somewhat tawny; 
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in grams and mill of hoary bat and young 
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Young female 
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Myotis b t anorhinu Several nym] | mites of the subfamily Lipon 
were taken from a bat of this species that was obtained from a corridor in the biolog 
building at 1 Diego State College. Other bats of this species taken singly fro 
deserted mine tunnels near San Diego were free of ectoparasites 

Pipist he u” Only two ind s of the 30 or 40 bats o 5 
th vere ¢ mined had ¢ ‘toparasites One | had several es of the ge Steat 

its membranes and a single larval tick De ittached to the sl} | 
domen: the other i jual had a bedbug ( ner surface of ¢ \ 
yf the pip reiles re btaine s the me yar Agua Caliente Spring. / 

solitar pecie roosting sing ofte ) ices 
E71 p l Eectopal te ndiv 
ert é I ) es. Mites of the ge S é ed from t! 
na re ‘ eigt or te ; p ‘ fy single “ 
bedbugs (( ve und; these we cl] lo surface 
1 three | I uncon I ! litary roo 
} e intered v thant ectonaranite 

{ ; f T ' Tt ‘ 
é I S M th bats ¢ Y Tt 
ni y = Te] ‘ , d fi 

1 / Se r re 

. arasi e r ¢ I ( mite g r 
a f r 
ympr l f I ‘ r 
Bi t t f r t t 
Ts 7 ‘ 
Alt € € 
parasite r f 7 ( f 
‘ ) T é ) tT f ) r 
S | Numer y| i I 

E ; o Two « Bsa ecte 
ere e one i h ‘ I of Barre Ju O e | 
polycteni Hes} len 01 Pui! H. Ky S VM i 

H ITs Div a} p I a \ 
FREE-TAILED BATS, AND MELANISTIC MI¢ IN OREGO 

Kenneth E. Stage Jo Mamm., 26: 196, 1945) reviewe history o 

1 o far as it was know Oregon up h il I idition to the s} 

Dennis Constantine Medford, Oregon on October QA 10W 1 ber 284 
Jewe collection, thre ythers of this speci by Wayne W. Wel vere s 

he fies The were iker Mr. Wel rom I ing lI hul \ 
nd, Jackson Count Oregon, on February 6, 195 

Last winter some school boys captured sever ive ‘ nice that we living )T 
stored ha pome ol these were kept live tor some tim<¢ ne ne lor scho Joser 
Wallowa Count Orego Or M 195 Miss Rut DuBois cal school tea ¢ who 
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ested in natural histor ser me a lult fer and a half-grown ing for 
s. These proved to be M otu ontanu a locally : bundant species 

several hundreds of M otus of various sp ies I have trapped during the past 
in the northwestern states, these are the first melanistic specimens I have ever 
eard of in this regior STA G. Jewett, P 
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YSTS IN THE EASTERN SKUNK 


e mig? of | t seve! kind fur animals having a 
ute Chis } ¢ ! ‘ tl raccoor Llewellyn and Enders 
55: 439, 1954 I in tl I er Pr An Philosophical So 96 
~ » 
\ é lence tt t r r 1 the seal I ders. Pears« 
> ‘ »») r t : 
A ‘ g 9 9 19046 | e establishe he occurrence f trong 
} VW ; j 
« r VM 
vet 1 , , p ollowing ur tey riec 
r t es is 31 ¢ yf remov ne ¢ I 
‘ F eT ha 1 ne rT 
¢ t f {) ri f 18) ‘ 1s 
sie ' ear . r he rigt hor ‘ the 
the r ‘ 1 J e ] 
ent ( 5 hred y? 
105 | 4 1 
) rT) ‘ eS I é 
Re Pe ¢ F ' ne 
' . , . ' , , 
| 3 BI [ a } U 
14 
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BLA BEAR DENNING IN TREI 
( ) ered 
, T) ) 
( er j ' lick 
P T) ( me S ¢ ay; D rd 
g i \ t t P he he ¢ D he 
ere surpris¢ ‘ ge |} se€ ! yn 
ree, Vi ( ( nd disappear into the sh. The 
) e¢ ne ) » | r r y g up il 1 e ¢ tio out 
l ee meas S r i eter at the stump a 35 inches 
f The ope ng east 5 € wove groul v1 the floor o e den 
yw ti eigl he at fille ith chips and other debris and despite 
ion must | I ide elter. The tree was located i nixed conifer 
ing ced spruc fe e pines. The be s estimated to have 
150 pounds vas eviadt n e « on-breeding female I Ss 
‘ o be little possibili t | 1s not a true winter den and tl the 
entered the hollow in the tree after leaving a ground den, since bears do not 
me out of their dormant state in this part of Michigan until mid-April or later 
sameron, woods superintendent in charge of the logging operation, remarked that 
rs oO ork in the north woods he had never observed 4 


similar instance of 
1is manner. To my 
literature D I 


chigar Rece VE 


knowledge such an account has not previously ap- 
SwWITZENBERG, Michigan Department of Conservatior 
ver 30, 196 
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COLOR CHANGE IN THE BLACK BEAR, URSUS 'S jail 
e-- 
Mr. William J. Sheffler of Los Angeles, California gave n 1 account of h ) the 
with a cub bear tl] uppears to me to warrant pl on | Mr r rea 
uralist t felong interest in animals and ic] perience fie olle r of 8 if 
and man s : United St nd Mexi His vate colle y 
4,000 well preserved logued sy m<¢ [ have no | tation in crediting his pict 
servatior lace M - 
In the spring < j2 ile in the Mogollon Mounta New Mexico, he uf 
1 party of cattle men who had just kille mother be her two cubs. The 
cul fe tained by Mr. Sheffi 1 sed as ap his home (tl n Te to t 
The mot! bear ir yn color se anin The cubs were fuzzy youngsters nr 
I the de ne W of darker shade tl the one tha rescued. This | I S 
develo il true cil no se bi most « ) I After ve 
captivil ho f nolt into | phase pt ve. Li inl w ultir e 1a 
stroy ghbor ( lved, and 1 vas prese! 0 
[exa ~ in Sep Y 954 after a conside1 f nt « iding 
had t re 
Sprea ear igl rug i ) extremely d ' 
color s k on the le I he fic or i luced light of indo 
an vO ignated re The degr g’’ that has taken I 
, f roug sag rug is hard ¢ rmine but v } 
»f m ( both M 1 Mrs. Sheffi ve ¢ ed te her. B 
1 e emphasize ( nge t! } t tl e1ni 
th ( imat two and or ars. Is tl yrmal procedur 
dus - ( Lore M rR, M t Z B 
FOOD CONSUMPTI OF HOUSE MI I )\ MPERATURES 
1s r ¢ | € i! 
res, the ) 1 ‘ ive ur te ir ~ 
be 45; H r 195 Se ¢ 1952 | I ( od el t 
sary tos nu ri re ea met 1 juent nore | 
body heat 1orNn ody temperatur \ su fo 
ip I | 3 ho tar 
surviv Tle On) 
Howevs I n ls there rit u i yrta 
maintena | ne ) € er. Th Ss the ng efi yt umb¢ 
ils toge Ch e of this factor i irvival of sn ! Y show 
seve oI How 1951; Sealande 952! I i é t here fur 
cate t idling rethe nd sharing bo varmt mport 
oad te pe ire m t lan¢ l cola W the 
Che stud cor e Madison, Wisconsi lurin 449-50 in a vacate inhe 
army barrac} yuilding I'wo large enclosures were n le in the lowe Ww ls 
rooms with galvanized iro | id a flo< irea oO t 500 square fe In « 
pen were placed four locatior 1 water, and fiv nits of cover. Wild adu 8 
mice (M ul were then The main purpose of the project was ( 
mine the effect of limited food population g report on this ¢ 
of the study has bee published (Strecker and Emlen, 195: ork wa ond e 
inder the supervision a guidance of John T. Emlen, J1 
4 weighed amount of food, consisting of a finely ground n ire of grail ul 
scraps, was supplied for each twenty-four hour period. Fresh food was furnished eacl 
la and the remal ler fro the previous lay was collect for weighing Thus total d 
90d consumpti vas determined. A maximum-minimum thermometer was used to re - 
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daily temperature extremes. When the data on food consumption and on temperature 


extremes were compared, it was very apparent that there was a positive correlation during 


the colder months. That is, as temperatures lowered, the food consumption tended to de- 


rease also. This is shown very clearly in the data from Januarv and February, 1950 (Fig. 1 


During this time the temperature varied from about 0°F. to 42°F. The temperature 


lata are, of course, only maxima and minima, so that the 


do not give an entirely accurate 
picture for any one day, since they give no indication of the amount of the twenty-four 


hour period that was in the upper or lower temperature range. There was also some change 


n the number of mice during this period, so the gradual trends in the food consumption 
have little significance. In the colony labeled Pen B, the number of mice from January 1 
) the end of February declined from 78 to 72. In the colony labeled Pen C the number 





mice changed from 31 to 24 
Statistical tests of correlation betwee: ynsumptio nd temperature extremes 
vere made. The food consumption data wer mpiled by taking the deviation of any one 
lay s total consumption from the erage for that wee period. This would tend to re 
¢ n effect due to char ging numbers or size oft mice B sed on 56 Samples the f od 
nsumption of Pen Bs ved correlatior X ents 72 with maximum daily tempera 
ire 0 with mir , era Pen C sl relat efficients é 
t nu empt 0) I 1 empe re. All of these 
, re wel howe the , , Pr 
T) te the t , , two rs 
o be er lef he m: 1 
The ( mil \ ) Yi rest s er \ 
vas d sre tl ely gro ’ 
Whe ling 3 ered he 0 
i the | P rie hg 


ae A 2 
r\\ Ae i. sah) 
\Vv 7 LA / \i7 / \ \ 
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| ‘ D R = 
Fig. | araphs showing the dally od ynsumMptior rens B and © compared to 
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normal mean.—Epwarp B. Rr: Zool Departme plorado 
‘ollia Rec ed Sept ( 95 
SOUND PRODUCED BY THE KANGAROO RAT 
DIPODOMYS SPECTABILIS 
} garoo I } g in t rature 
en o De DD g I g the nd n \ nds are 
reports of the be 9 r rice A Bu ner. Mu 
193-258. 1895) descr ; , This 
ory \ | U. S. Dey Aor 1091 
tal by Tapy J M 22: 117-148, 1941) for D. heer 
the } t he mal e disturbed 
D f ch lil rnered house 
DI r r T t I r } u tered 
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ictir V < irle he ctim’s muscles, the move- 





164 





qullilr 
inv 
to eI 
th ¢ 
ve ry 
othe 
) ul 
gee 
S 
Or 
" I 
1 
I 
er 
i ‘ 
eett 
Wi 
At I 
iw 
() 
Jo} 
ne 
} 
ell 
Johr 
fr 
nis hi 





JOURNAL OF MAMMALOGY Vol. 36 





i the contraction of the muscle el I turn draws the qui 
ll or quill fragment may travel 


28: 180-181, 1947), (Shadle a 




















1a n 
I nmali tha has bee ] ed D ine val ons 
| rs, some < whi I I num be quill l ve 
ig t the locati i re tected al the egre sensitivit of t 
ed the depth to which the quills penetrated the are 1) the ability of the 
e€ pain and dist for e) the ex vilit he victin the lengt 
he quills have bet yuried in the tissue whe infections hay 
fact ma i ¢ ive 
( nd are more complete because tl t ( ‘ his feelings and tl 
results. From t ynsiderable experi ( lls in his ow ‘ 
need tl aes ) ) he norripvle ette t gy gquilled a oft 
ted (S} \ N R9- 47-49 5 
penetr I S < r n Y ng snsatio ( 
ime re tre er ~ i scratching re t! t been quilled 
e are gal eal ther ol ! l I when the face 
er vO 4 fore pa ise ( in wit the 
} within re en not te eep é e flesh. In removing 
tl be reached with the mouth, the porcup1l fte ses the upper ar 
eeth like pincer nd carefully seizing the quill, pulls it, drops it, or rer 
TY t witl ng or with one f its tor tee Occas nally presst 
the spine n to two pieces, leaving the point still buried in th 
f oth pres e applied to the foreign qu lequate to pre 
rom slipping e« | strong enoug! the flesh 
el the use ) u I » hg! ! nbesit ng 
yne pol regaradle ! rsize of the qui 
re I 10 tl ic Ke I gZ ( ne in its mout i 
Tt nese anim I ch al I excite they appea 
ot ai penetrate f é € I I 1a 
the est demo ) I n relg eing removed I 
curred the Vivar he vo three-ye Id Pinkie ul b 
F or yr I vere ha g the Cages ¢ t ige Althoug 
the { vO mate I pl t ul ‘ai Ort { { preedibng 
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TABLE 1.—Observations of spotted dolphins made aboa the M/V Oregon 
May 7 to June 6, 19654 
F Oreg Posit I M t N 
te iI arest 
Lat. Nor I We Figur 
Ma 
7 28°19 90°19 r 67 
8 (AM 27° 92°00 2 170-235 166 Seve 
8 (PM 27° 92°00 2 70-2: 166 2-25 
21°44 91°05 Y 62 
l 21 $ 19 52 2 
1: 21°07 5 7.5 64 ; 
1f 18°4 6 35 0) 
De 5°15 94° 3 7 (y LOO $ 
June 
26°1\ 97 °OK 8 
296°) 96°54 9 18 l¢ 
2 96°4 10 4 l 
5 Ox) 0 ) 1 85 5 
es W ge! A {2a 
ptionls whe e vesst s st stopped) the ery 60-120 
S¢ be} Phe Ore ry slow g yng-lir 
about 1400 he he ) ) e 20 ul ypeare 
sol d e al | The weatl sunny, a 
< ‘ ( Seve P pre e scho gas 
I ‘ ve! st irger « J f s ho 
lf observe mothe Mar S ( id, Florid 
sume } } wit its n é | he rge 
times i owe er O! ig the f regio Che g i 
res e her d iY , a urge s Q 
her spe i re sed ¢ r 
ge some s f eigt l € pert 
T " OR} ] 
‘ sur \] ‘ ros 
t ul | < gl ! () ¢ 
sci . 8 Za re te spet ( ing € s the \ 
s ul wo in 1du pare tte one rem l s 
Sar 
veneath the surfa 10rn swil g positix I 
neath ar ralle s head slightly to the e on S ts 
ympanied by some s s] vith the t vhich part f sion fro I ige ; 
é 1e shiy 7 
Kventually the vessel came to a dark patch in the wate on closer ¢ 
proved to be the rem 0 large squid (pieces of large tentacle ere seen floating « he 
surface). Unfortunately, « imstances made it impossible t« ve he vessel in orde 
ecover these tragme Ss ior identincation, and only piece tl s that floated 1€ s 
oO s collected. The dolphins’ excited behavior and repeated passes through the v 
cinity of the remains indicated that the squid had probabl een killed and eing : 
eaten by the school. The schoo! remained with the vessel for about 15 minutes before dis 
appearing. Approximate inutes later about eight dolphins reappeared and staye tl a 
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——_ . a »= 
A sitions of the M/V O ; } f of Mexico in 
June 
about 20 minutes unti got under way. There was little doubt that members of 
second group wert so attempting copulation, their positions and actions being the 
that described above. Occasionally one w , slap the water several 





with its flukes, and one jumped completely clear of the water in a low arc nearly 


el with the surface. These performances were repeated several times. One would also 


on its tail’’ with its head completely out of the water facing the ship and remain 


Io! ipproxi nately 15 seconds. I cannot say whethe these were different schools or the 
nes that disappeared and shortly returned 
ution of the young As noted above, there was at least one individual in the school 


osition (2) that was assumed to be a young calf. Several similar small individuals were 


and (11). Mr. Springer |} 





ad pointed out early in the cruise that 
yung of this species did not seem to be spotted as are the adults. This is also reported 


ogg (Natl. Geog. Mag., 77: 85 and Pl. XIX, 1940) who describes the calf as being a 


niform gray color.’’ My first two observations of voung did not afford the opportunity 


reful note of this fact, though enough of the animal was seen each time to indicate 


was probably true. However, at position (11) several calves were present, one jump 
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deer were observed to mate. 3. Where Sather obtained his information 
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deer in Nebraska: 1. Where fallow deer were released 


and 5. Author’s observations in 1954. 6. Agar’s report of occurrence 
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1939. Carl Klentz, T.23N-R.10W, section 25, observed a herd of twelve in 1946. F. A. Mat- 
son, T.22N-R.8W, section 23, Boone County, reported that the deer had ruined his orchard 
and that a herd of thirty stayed on the ranch the year round 

In July and August of 1954 I found fallow deer in Greely and Howard counties. Three 
individuals were observed on July 23 one and one-half miles east of Cotesfield along the 
Loup River, Howard County, and one was seen on August 8 along Cedar Creek, five miles 
northwest of Spalding, Greely County. Mr. Agar n litt., October, 1953) informed me 


that these have been observed in the area of Grand Island, Hall County, Nebrask 





Lydekker (THE DEER OF ALL LANDS: 130, 1898, London) and Whitehead (DEER AND THEIR 
MANAGEMENT: 164, 1950, London) recorded little of the breeding habits and behaviour of 
feral fallow deer, and Millais (THE MAMMALS OF GREAT BRITAIN AND IRELAND, vol. 3: 14 


1906, New York, London, and Bombay) made some mention of the breeding habit nd 


behaviour of fe 





fallow deer in the Epping Forest. There is no account known to me of 
the actual mating procedure of this species l a feral or wild condition. Therefore, the 


following observatio1 8S are noteworthy 


In the late afternoon (5:00 pm) of October 21, 1950, I observed a group of four male ar 
two female fallow deer in a pasture approximately five miles south and two miles west of 
Petersburg, Boone County, Nebraska. This group seemed to be unusually excited althougl 
I was certain that they were not aware of my presence. Three bucks began to pursue one 
of the does down through a swale while the remaining buck and doe were seeming 
interested in the chase. The doe pursued by the bucks ran approximately one hundre 


yards straight away, halted abruptly, successfully dodged the bucks, and repeated her 


run. This behaviour was continued for ten minutes until the doe fell to the ground eit] 
in exhaustion or submission. The buck that arrived first in the immediate locality of the 
now resting doe had the largest antlers and seemed to be the oldest of the three 1 les 
He stood beside the doe, which was still lying on the ground, and then whirled about facing 
the two onrushing younger males, lowered his head, and stood motionless as the other t 
approached to within fifteen to twenty yards, and then moved toward the two buch This 
last movement caused one of the bucks to turn northward and leave the immediate area 
The remaining male stopped, trotted diagonally away from the buck and doe 

down about thirty vards away. The older buck, still beside the doe, then issued a series 
of deep throated bellows unlike that of any of our native deer and resembling an extreme 
loud call of the bull frog except that the vibrations reaching the ear seemed fewer per 
second. This bellowing was continued intermittent] ind several times the older bu 
approached the doe, touching her nose and ears with his nose. Each time the buck ay 
proached, the doe uttered a sound similar to that of a high pitched whine of a dog. The 


buck began circling the doe, now engaged in nipping smal! shoots of grass, and she seemed 
to be completely uninterested in the activity occurring about her. The older buck lowered 
his head at this time and charged in the direction of the remaining male, still about thirt 

yards distant. It stood motionless in the face of the charge until ten to fifteen yards sepa 
rated the two; then the younger buck fled northward. The older buck returned to the doe 
and circled her more rapidly than before. Each circle brought the buck closer to the doe 
Finally he stopped in such a position that she, still lying down, faced his rump. The buck 
then started a movement in which the posterior part of the flanks, hind legs, and thei! 
hooves were rotated in an up and down, then side to side ‘“‘dance’’ while the front legs 
remained stationary At the termination of this dance, the buck turned so as to face the 
doe, placed his nose at the side of her body and, pushing with his nose, forced the doe to 
rise. She ran some thirty yards and lay down again. The buck immediately followed and 
duplicated his dancelike ritual whereupon he caused the doe to rise and run again. This 
behavior occurred once more, but the fourth time the doe arose she remained stationary 
Thereupon the buck mounted her and copulation took place. The position assumed during 


copulation was similar to that of domestic cattle, and the copulatory act was a continuous 


process lasting five minutes with only intermittent rests of a few seconds taken by the 
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Carr, Epna B. The vesicula seminalis of the rabbit. Proc. Zool. Soc. London, vol. 12 
pt. 3, pp. 675-683, pl. 1. November 15, 1954 

CaRRARA, ITALO SANTIAGO. Observaciones sobre el estado actual de las poblaciones de 
pinnipedos de la Argentina. Ministerio de Educacion, Republica Argentina 
Univ. Nac. Eva Peron, Fac. Ciencias Veterinarias, pp. 1-17, pls. 5. 1954 

Cook, Harotp J. A remarkable new mammal from the Lower Chadron of Nebraska. Amer 
Midland Nat., vol. 52, no. 2, pp. 388-391, figs. 5. October, 1954. (New: Chadronia 
C. margaretae 

CurrRyY-LINDAHL, Kar. Lons (Lynz lynz) historia och nuvarande férekomst i Sverige ocl 


évriga Europa. Sveriges Natur, Géteborg, 1951, pp. 122-162, illus. 1951 

Curry-LinpDAgL, Kar. En elefant férsvinner. Fauna och Flora, Upsala, 1953, pts. 1-2, py 
15, illus. 1953. 

DALIMIER, PAUL. Quelques observations au sujet du mouflon a manchettes. Mammalia 
Paris, vol. 18, no. 3, pp. 331-333, 1 plate. September, 1954. (with English sum 
mary 

Dexkeyser, P. L. A propos des ecureuils volants. Notes Africaines, no. 6, pp. 121-124 
October, 1954. (Anomaluridae 

De. Campana, D. Carnivori Quaternari della tecchia e della caverna di Equi nelle Alp 
Apuane (Mustelidi, Canidi, Felidi). Palaeontogr. Ital., vol. 44, mem. 2, pp 
1-43, 8 pls. October, 1954 

De RINGUELET, ANDREINA B. Revision de los didelfidos fosiles argentinos. Rev. Mus 
Univ. Eva Peron (n.s.), vol. 3, pp. 265-308, illus. April 12, 1954. (New: Micro 
biotheridion 


De Vries, H. Een en ander over de Huisspitsmuis. De Levende Natuur, Nederlands Tijd 
schrift voor Veldbiologie, vol. 57, no. 5, pp. 81-84, illus. May, 1954 
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Diprer, Ropert. Etude systématique de ]’os pénien des mammiféres (suite). Rongeurs. 
Mammalia, Paris, vol. 18, no. 3, pp. 237-256, 14 figs. September, 1954. (Muridae) 

Diem, KENNETH L. Use of a deer call as a means of locating deer fawns. Jour. Wildlife 
Management, Ithaca, vol. 18, no. 4, pp. 537-538, illus. October, 1954. 

Dorst, JEAN. La longévite des Chiroptéres. Mammalia, Paris, vol. 18, no. 3, pp. 231-236. 
September, 1954. (With English summary) 

Dovetass, DonaLp W. They sleep the winter away. Michigan Conserv., Lansing, vol. 23, 
no. 6, pp. 22-23, illus. November, 1954. 

Dourt, J. KENNETH. Observations on mammals along the east coast of Hudson Bay and 
the interior of Ungava. Ann. Carnegie Mus., Pittsburgh, vol. 33, art. 14, pp. 
235-249. November 4, 1954 

Duke, KENNETH L. Reproduction in the bobcat, Lynz rufus. Anatomical Record, Phila- 
delphia, vol. 120, no. 3, pp. 816-817. November, 1954. (Abstract 

Dunton, Sam. A day with Kenneth. Animal Kingdom, New York Zool. Soc., vol. 57, no. 
6, pp. 180-181. December, 1954. (Photos of young wanderoo monkey) 

DURRANT, STEPHEN D., anD RicHarp M. Hansen. A new rock squirrel (Citellus variegatus) 


from the Great Basi 


n with critical comments on related subspecies. Proc. Biol. 

Soc. Washington, vol. 67, pp. 263-272. November 15, 1954. (New: Citellus varie- 
jatu robustus 

BHARDT, HERMANN. Verhaltensweisen von Islandpferden in einem norddeutschen Frei- 
gelinde. Siugetierk. Mitteil., Stuttgart, vol. 2, no. 4, pp. 145-154, illus. October 
1, 1954 

DINGER, TILLY, AND Davip B. Kitts. The foramen ovale. Evolution, Lancaster, vol. 8, 
no. 4, pp. 389-404, figs. 4. December, 1954 

Epwarps, R. Y. Fire and the aribou herd. Jour. Wildlife Manage 


ment, Ithaca, vol. 18, no. 4, pp. 521-526. October, 1954. 


cine « mountain 


JENER, WILHELM. Bergtapire. Zeitschrift fiir Siugetierkunde, Berlin, vol. 19, no. 3, 


pp 178-180. December 31, 1954 


AMES B. Notes on summer water consumption by desert mule deer. Jour. Wild- 

life Management, Ithaca, vol. 18, 1 4, pp. 540-541. October, 1954 

ERDBRINK, D. P. On one of the oldest known remains of the common elk, Alces alces 
found recently in the Netherlands. Geol. Munbouw (n.s.) Jaarg. 16, pp. 301 
309, illus. July, 1954 

ERRINGTON, Pau L. The special responsiveness of minks to epizootics in muskrat popu 


+ 


lations. Ecol. Monogr., vol. 24, no. 4, pp. 377-393. October, 1954 

Ewer, R. F. The fossil carnivores of the Transvaal caves. The Hyaenidae of Kromdraai 
Proc. Zool. Soc. London, vol. 124, pt. 3, pp. 565-585, pls. 1-3. November 15 
1954. (New: Crocuta ulira, C. u. latidens, Hyaena bellaz. 

ert, D. W., anv C. P. Lyman. The effect of low environmental temperature on the 

composition of depot fat in relation to hibernation. Jour. Physiol., Cambridge, 
England, vol. 126, no. 2, pp. 235-247. November, 1954 

FINDLEY, JAMES S., J. Knox Jones, Jr., AND TERRY A. VauGHAN. Records of mammals 
from southwestern lowa. Trans. Kansas Acad. Sci., vol. 57, no. 2, pp. 212-213 
1954 

Fisher, H. D., anv B. A. Mackenzip. Rapid preparation of tooth sections for age deter- 
minations. Jour. Wildlife Management, Ithaca, vol. 18, no. 4, pp. 535-537, illus 


October, 1954 


’ 


> 
FLeay, Davin. Australia’s squirrel gliders. Animal Kingdom, New York Zool. Soc., vol. 57, 
no. 6, pp. 187-190, illus. December, 1954 
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Davin, AND R. Y. Epwarps. The utility of break-back traps in population 


studies of small mammals. Jour. Wildlife Management, Ithaca, vol. 18, no. 4, pp. 
503-508, October, 1954. 

FRANK, Fritz. Adoptionsversuche bei Feldmiausen (Microtus arvalis Pall.). Zeitschr 
Tierpsych., Berlin, vol. 9, no. 2, pp. 415-423. 1952 
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Gavrin, | S. S. Donaruro lovezhskoi pyushche. Zool. Zhu 
{ 104-924. Jul Au 1954. (Wol 
G Br P. Abert ration i idarida mexi Amer. Midland N 
! 2.pD 100-40 pl. 1. October. 1954 
G WIN, GEOE G. M nals 1. Mexico col lby M Martin for the Ar 
Museur N ral Histor An Mus. N N Yo ». 168 
1—lf No 12. 1954 
GRE J I Lt l I ] lo 
ri f en Colu | Pr p Yor 70 p 1954 
Gy ; BEI ot 7, G Leij N] vol. 20. 1 
67-7 195 
GRzZIM!I B Die Goril iusserhalb A 7, ( ipzig, (N.1 
20, 1 173-185, ill 195. 
GrzimMexk, B 1A} K Mit gy er die Bel i Schimpans st 
Gepat kfur ; ( NJ] 
, 191-193. 19 
GrzIM BERNHAI Mt l Schimy vol. Le g, (N.] 
) 197. 195 
H R bspe K l K 
Mi , H vol. 7. no. 11, pp. 587-590. } r 15, 1954. (N Pe 
HALTEN I Die Wildka 1 \lter Kine | I er die | erg 
f Akad. Verlagsg Leiy Dp 117 195 Ne Fel 
HARING, Fr I ig. Ze Siugetier Berli 
r 3 1954 
HARRI \ ] yf reproducti tion betwee { » sul 
f Per ymntrib. La Ve B Ur Mick 
pp. 1 
HARRISO J naked bulldog | Mala Nature Jou 
). 7 1054 
Ha J I rat ind ot! namn ial Bul Raffle 
Spingapor no. 25 pp 157-165. Decembe 1954 
HARRISON, J The moonlight effect on rat breeding. Bu Raffles Mus., Singapo 
25, pp. 166-170. December, 1954 
HassMaAnn, M. Vom Erlernen unbenannter Anzahlen bei Eich! 1 (S vu 
Zeitschr. Tierpsych., Berlin, vol. 9, no. 2, pp. 294-321 
Hepicer, H. Dressurversuche mit Delphinen. Zeitschr. Tierpsych., Berlin, vol. 9 


De 


21-32 


Operative Fremdkérpen-Entfernung au 


| 1952 
Hepicer, H dem Magen 


Garten, Leipzig, (N.1I vol. 20, nos. 2/3, pp. 89-95, illus 
Heptner, V.G. Vnutrividovaya izmenchivost rasprostranenne 
(Spermophilopsis leptodactylus Licht.; Mammalia, Glires 


33 1954 


t, pp. 1157-1170. September-Octobe1 
n the thin toed ground squirrel 


, no 


diffusion i 


eine 
1953 
tonko 


Zool 


Gorill 


is 


palogo 


Zhurna 


Intraspecific variabilit; 























wr 











484 


JOURNAL OF MAMMALOGY 


empfindlichen Jungtiere. Zool. Garten, Leipzig, (N.F 
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vol. 20. nos 





122-126, illus. 1953. 

KENNAMER, Earu F’. Size and value of Alabama fur crop. Jour. Wildlife Management M 
Ithaca, vol. 18, no. 4, p. 589. October, 1954 

KinG, Joun A. Closed social groups among domestic dogs. Proc. Amer. Philos. Soc., Phila M 
delphia, vol. 98, no. 5, pp. 327-336. October 15, 1954 

Kina, Jupits E. The otariid seals of the Pacific Coast of America. Bull. British Mus M 











(Nat. Hist.), London, vol. 2, no. 10, pp. 309-337, pls. 10-11. November, 1954. 
KuLADETzky, J. Mitteilung iiber den Tod eines Elefanten im Zoologischen Garten Kéln M 
Zool. Garten, Leipzig, (N.F.), vol. 20, nos. 2/3, p. 198. 1953. 
Kune, Paut D., anp GeorGe O. HENpRIcKson. Autumnal decimation of Mearns cotton 
tail, Decatur County, Iowa, 1952. Proc. Iowa Acad. Sx vol. 61, pp. 524-527 M 
December 4, 1954 
Knoop, Incesorc. Untersuchungen iiber das Farben—und Formen—sehen bei Goldhan M 
n (Mesocricetus auratus Waterh mit Hilfe der Dressurmethode. Zool 
rige, Berlin, n.s., vol. 1, no. 2, pp. 219-239. 1954 M 
Koor, C. 8. Einiges von Milu. Zool. Garten, Leipz N.] 20, nos. 2/3, pp. 190-191 
illus 1953 E api ru dav d anus 
Koz.ov, V. V. Vliyanie zapovednogo rezhima faunu ekopitayushchikh meshchers} 
nizmennosti. Zool. Zhurnal, vol. 33, no. 4, pp. 925-944. July-August, 1954. (I 
fluence of dietary regime on the mammal] fauna ir lying Meshcherskoi 
KUHLHOE FRIEDRIK Beobachtungen an einem gefang n Hamster (Cricet 
L.) Zool. Garten, Leipzig, (N.F.), vol. 20, nos. 2/3, pp. 193-194. 1953 
KUa.tyorn, Ji INI Der Gang des Gibbo Zeitschrift r Siugetierkunde, Berli 
19, 1 }, p. 180. December 31, 1954 
Ki Erice. Zum Wachstum minnlicher Borstengiirteltiere (Chaetophra ” 
Fisch.) Zool. Garten, Leipzig, (N.F.), vol. 20, nos. 2/3, pp. 82-85, illus. 1953 
Kuun-ScunypDer, Emit. Der Ursprung der Siugetiere. Vierteljahrsschrift Naturfors 
Gesell. Ziiric IC 1954 pp. 165-197 lh Sente be 1954 
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Lack, Davi The natural regulation of animal numbers. Oxford Univ. Press, New Yor 
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4 E. M. Ueber Fang und Eingewéhnung Afrikanisch Iulefa nim Jahre 1952. Zox 
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a bulles tympaniques hypertrophiées. Mammalia, Paris, vol. 18, no. 3, pp. 262 


271, 5 figs. September, 1954. (With English summary 
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young in the tree dormouse 
Lunp, Hyatmar Muntue-Kaas. The walrus and its visits to the Norwegian coast s 
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no. ; 2 286. September, 1954. (With English summary 
VU I (JEORGES, AND ( AUI LIBERS L’os coxal et Ie bassin du Semnopithéque Mam 
malia, Paris, vol. 18, no. 3, pp. 287-328, illus. September, 1954 
yn the defensive behavior of gra and fox squ rrels while mo\ 
1. 57, no. 4, pp. 471-472. 1954. 





1954 


" 
+ y 
18 
vai 
1 
Lf 
( 
(; 
r 
I 
19 


> Hy The } 1 its vess« 
S 1. 57 2. pp. 197-199, illus 
PARMALEE, Pau W Puitie W. Smits. The 
l oO l 6, pp. 523-526 t 
Pat H | ‘ rot e stuc 
\ l 
’ ; e nh 595-6 
P q es 1 t 
Mamm 
») lique 
1D 
I y sig 
1? 4 
D> 
; Oo 
~ } J 
. , 
' > 
I I 
> | | 
K I p 
R A ~ P 
) ( Oo 
7, ’ 
> land \ 
tt) 
I ( M 
R W cht 
a NT Y 
I : r 
2 185-18 195 
Ri Kod 
5 { . 7 IR 
I 
\ I { 
R .) . 
4» 1 } p 
] ; 
. . " 
lan 
p 
1) 
I Z KEI 
7 t4 | l 
R HI P I ) eS pice ) 
Z Wecem r, 195 
R BETH SI edit - 
y ~ 1 « held 
| J 195 Jot Va 
D ! 195 
t Loris 8. Mammalian fauna ¢ 
( ) Ar Rep N Mi 
15. 1954 Ne 7] cae 








: ’ 
' 
1 
Rg 
] 
1 
QF 
H 
y f 


+} 
5 f 
»hg 
Praz 
7 4 
rator 
Vt 
southe 
0 111 
drodor 
an 





" 1 
) at 
Geof 
) 

Tul 
4( DI 

M 
tad 
Leipz 


roc. Z 
lan Val 
ae ele 
37 De 
19059 
id 
qu ( 
S4S—8 





Soc. | 
} r 
104 
n ) 
\7 
( } ] 
1954 
19054 
ti) rt 
\f 
NU} 
N .} 
be 5 
De 
I 
18 
> Tas , 
> 
19) Sol 

















y., 1956 RECENT LITERATURI 487 


ERSON, GLEN C., AND C. B. Speaker. Results of Iowa’s first deer season in recent 
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two Parts should reach the Secretariat of the International Commission at latest by 31st 
November, 1955.—Francis Hemminea, Secretary to the International Commission on Zoo- 


logical Nomenclature 


DATES OF ISSUE OF PREVIOUS NUMBERS 
Correctton.—Journal of Mammalogy, Vol. 36, No. 1, was mailed February 25, 1955. 
Journal of Mammalogy, Vol. 36, No. 2, was mailed May 26, 1955. 


HAVAHART HUMANE ANIMAL TRAPS 







Ss 


s To) 
—# 7 


om 
1 | 
x | 


The Allcock Manufacturing Company has a large variety of humane anima! 
traps. They have many sizes of live traps for those who are interested in catching 
the animals unharmed. The HAVAHART TRAPPING BOOKLET will be sent 
free of charge to anyone who requests it from the Allcock Manufacturing Con 
pany, Ossining, New York. HAVAHART traps have been used successfully by 


many who have been doing live-trapping experiments on small mammals. Write 


for the free booklet today. 
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SUGGESTIONS TO AUTHORS 


The Journal of Mammalogy publishes original papers with significant new content on any 
phase of the science of mammalogy. While authors need not necessarily be members of the 
society, it is suggested that individuals publishing serious papers in this field should con- 
sider carefully the desirability of associating themselves with the American Society of 
Mammalogists. 

Papers are generally published in order of receipt with some exceptions at the discretion 
of the editor. Papers over twenty printed pages in length are rarely published because of 
costs and limitations of space. When partly subsidized, such papers may occasionally be 
published at the discretion of the editorial committee. 

Photographic illustrations (half-tones) and tabular matter are strictly limited because 
of high costs of printing. Half-tones for decorative purposes, or interest only, will not be 
published; they should illustrate some point or fact, best shown in this way, and essential 
to the exposition of the paper. Tabular matter should contain data not repeated in text. 

1. All manuscripts should be typewritten on white bond paper (814” x 11” or 8” x 1044") 
with all material, including titles, quotations, and literature cited, double spaced. All margins 





should be at least one and one-half inches wide and pages should be numbered at the upper 
right corner. Carbon copies will not be accepted, nor will originals on onion-skin paper. 

2. Titles are best if short as an aid to bibliography. Ten words should ordinarily be a 
maximum and less will usually serve. 

3. Acknowledgments are included in the text; footnotes are avoided. Note the position 
for authors’ names at the beginning and authors’ addresses at the end of the article. 

t. The bibliographic style used in recent Journal issues should be noted carefully and 
followed in “Literature Cited.’’ In general, the bibliographic style will follow the sugges- 
tions made in the report of the A. I. B. 8. Publications Committee, the A. I. B. 8. Bul., 
2(2): 21-23. Fewer than six references should be inserted in parentheses in the text, giving 
author, publication, volume, paging, and year, but not title unless a book. See recent issues 
for style 

5. Tabular matter should be arranged as simply as possible to fit Js irnal page size. Note 
style and place for title of table in recent issues. It is not always necessary to present all 
data gathered. The author should exercise some judgment as to what data are essential or 
of general interest. Tables should be typed on separate sheets at the end of the paper and 
should not be placed in the running text. 

6. Line drawings or graphs should not be made on excessively large sheets. While some 
reduction is desirable, an original drawing or graph twice the size of the intended cut is 
ample. Photographic copies of drawings or graphs may not reproduce as well as the original. 
The original is preferred by the editor. Large sheets are cumbersome to handle and ship, 
and increase postage costs. Labels must be planned to be easily legible when reduced. Lines 
must be solid black, not gray, to reproduce well. Graphs on cross section paper should be 
made on paper with pale blue lines 

7. Photographs for reproduction should be sharp, with high contrast, and printed on 
glossy paper. A size of 4” x 5” is ordinarily most easy to arrange. The editor prefers them 
unmounted. Each should be identified by a notation on the back, lightly in pencil. Legends 
should be typed as paragraphs, in sequence, on a separate sheet at the end of the article. 
It is often possible to crop photographs extensively to remove non-essential areas such as 
sky, foreground, background, etc. 

8. A brief, concise, and informative summary is advisable at the end of the paper. 

9. Proof should be read very carefully immediately upon receipt and returned promptly, 
with manuscript, to the editor. While errors should be corrected, the galley proof is not the 
place for editorial changes by the author. Necessary changes are best at the end of a para- 
graph, or as a new paragraph. 

10. Arrangements for reprints are made by the author with the publisher at time of receipt 
of proof. A form is supplied for ordering personal or institutional supplies of reprints. 
Fifty reprints, without covers, are supplied, free to the author of a major article. These may 
be obtained only if the author orders enough to bring the total number of reprints to 100. 
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